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METHOD FOR PREPARING FERTILE 
TRANSGENIC CORN PLANTS 


This is a division of application Ser. No. 07/974,379, 
filed Nov. 10, 1992, which is a continuation of application 
Ser. No. 07/467,983, filed Jan. 22, 1990, abandoned. 


BACKGROUND OF THE INVENTION 


This invention relates to fertile transgenic plants of the 
species Zea mays (oftentimes referred to herein as maize or 
com). The invention further relates to producing transgenic 
- plants via particle bombardment and subsequent selection 
"techniques which have been found to produce fertile trans- 
genic plants. | 
_ Genetic engineering of plants, which entails the isolation 

and manipulation of genetic material (usually in the form of 

-DNA or RNA) and the subsequent introduction of that 
genctic material into a plant or plant cells, offers consider- 
able promisc to modern agriculture and plant breeding. 
Increased crop food values, higher yields, feed value, 
reduced -production costs, pest resistance, stress iolerance, 
‘drought resistance, the production of pharmaceuticals, 
chemicals and biological molecules as well as other benefi- 
cial traits are all potentially achievable through genetic 
enginecring techniques. Once a gene has been identified, 
cloned, and engineered, it is sul necessary to introduce it 
into a plant of interest in such a manner that the resulting 
plant is both fertile and capable of passing the gene on to its 
progeny. . 


A variety of methods have been developed and are- 


currently available for the transformation of various plants 
and plant cells with DNA. Generally these plants have been 
- dicotyledonous, and some success has been reported with 
certain of the monocotyledonous cereals. However, some 
species bave heretofore proven untransformable by any 
method. Thus, previous to this discovery, no technology had 
been developed which would permit the production of stably 
transformed Zea mays plants in which the transforming 
DNA is heritable thereof. This failure in the art is well 
documented in the literature and has been discussed in a 
number of recent reviews (Potrykus, 1989; Weising et al., 
1988; Cocking et al., 1987). 
European Patent Publns. 270,356 (McCabe et al.) and 
275,069 (Amtzen et al.) describe the introduction of DNA 
into maize pollen followed by pollination of maize ears and 
_ formation of seeds. The plants germinated from these seeds 
_ are alleged to contain the introduced DNA, but there is no 
suggestion that the introduced DNA was heritable, as has 
been accomplished in the present invention. Only if the 
DNA introduced into the corn is heritable .can the corn be 
used in breeding programs as required for successful com- 
mercialization of transgenic com. 

Grayes et al. (1986) claims Agrobacterium-mediated 
transformation of Zea mays seedlings. The diieged evidence 
was based upon assays known to produce incorrect results. 


‘Despite extensive efforts to produce fertile transformed 
com plants which transmit the transforming DNA to prog- 
— eny, there have been no reported successes. Many previous 
. failures have been based upon gene transfer to maize pro- 
_ toplasts, oftentimes derived from callus, liquid suspension 
culmre cells, or other maize cells using a variety of trans- 
formation techniques. Although several of the techniques 
have resulted in successful transformation of corn cells, the 
resulting cells either could not be regenerated into com 
plants or the com plants produced were sterile (Rhodes et al. 
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1988). Thus, while maize protoplasts and some other cells 
have previously been transformed, the resulting transfor- 
mants could not be regenerated into fertile transgenic plants. 


On the other hand, it has been known that at least certain 
com callus can be regenerated to form mature plants in a 
rather straightforward fashion and that the resulting plants 
were often fertile. However, no stable transformation of 
maize callus was ever achieved, ie. there were no tech- 
niques developed which would permit a successful stable 
transformation of a regenerable callus. An example of a 
maize callus transformation technique which has been tried 
is the use of Agrobacterium mediated transfer. 


The art was thus faced with a dilemma. While it was 
known that com protoplast and suspension culture cells 
could be transformed, no techniques were available which 
would regenerate the transformed protoplast into a fertile. 
plant. While it was known that corn callus could be regen- 
erated into a fertile plant, there were no techniques known 
which could transform the callus, particularly while not 
destroying the ability of the callus both to regenerate and to 
form fertile plants. : | 

Recently, a new transformation technique has been cre- 


ated based upon the bombardment of intact cells and tissues 


with DNA-coated microprojectiles. The technique, dis- 
closed in Sanford et al. (1987).as well as in EPO Patent 
Publication 331,855 of J. C. Sanford et al. based upon U.S. 
Ser. No. 161,807, filed Feb. 29, 1988, has been shown 
effective at producing transient gene expression in some 
plant cells and tissues including those from onion, maize 
(Klein et al. 1988a), tobacco, rice, wheat, and soybean, and — 
stable expression has been obtained in tobacco and soy- 
beans. In fact, stable expression has been obtained by 
bombardment of suspension cultures of Zea mays Black 
Mexican Sweet (Klein et al. 1989) which cultures are; 
however, pou-regenerable suspension culture cells, not the 
callus culture cells used in the process of the present. 
invention. . 

No protocols have becn published describing the ‘intro- 
duction of DNA by a bombardment technique into cultures 
of regenerable maize cells of any type. No stable expression 
of a gene has been reported by means of bombardment of 
corm callus followed by regeneration of fertile plants and no 
regenerable fertile com has resulted from DNA-coated 
microprojectile bombardment of the suspension cultures. 
Thus, the art has failed to produce fertile transformed com 
plants heretofore. 

A further stumbling block to the successful production of 
fertile transgenic maize plants has been in selecting those 
few transformants in such a manner that neither the regen- 
eration capacity nor the fertility of the regenerated transfor- 
mant are destroyed. Due to the generally low level of 
transformants produced by a transformation technique, the 
need for selection of the transformants is self-evident. How- 
ever, selection generally entails the use of some toxic agent, 
e.g. herbicide or antibiotic, which can effect either the 
regenerability or the resultant plant fertility. . 

It is thus an object of the present invention to produce 
fertile, stably transgenic, Zea mays plants and seeds which 
transmit the introduced gene to progeny. It is a further object | 
to produce such stably transgenic plants and seeds by a 
particle bombardment and selection process which results in 
a high level of viability for a few transformed cells. It is a 
further object to produce fertile stably transgenic plants of 
other praminaceous cereals besides maize. # 
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SUMMARY OF THE INVENTION 


_ The present invention relates to fertile transgenic Zea 
mays plants containing heterologous DNA, preferably chro- 
mosomally integrated heterologous DNA, which is heritable 
by progeny thercof. . 

The invention further relates to all products derived from 
transgenic Zea mays plants, plant cells, plant parts, and 
seeds. _ 

The invention further relates to transgenic Zea mays seeds 
stably containing heterologous DNA and progeny which 
inherit the heterologous DNA. 

The invention further relates to a process for producing 
fertile transgenic Zea mays plants containing heterologous 
DNA. The process is based upon microprojectile bombard- 
ment, selection, and plant regeneration techniques. . 

‘The invention further relates to a process for producing 
fertile transformed plants of graminaceous plants other than 

‘Zea mays which have not been reliably transformed by 
traditional methods such as electroporation, Agrobacternun, 
injection, and previous ballistic techniques. 

The invention further relates to regenerated fertile mature 
maize plants from transformed embryogenic Ussue, trans- 
genic seeds produced therefrom, and R1 and subsequent 
gencrations. 
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In preferred embodiments, this vention produces the 
fertile transgenic plants by means of a DNA-coated micro- 
projectile bombardment of clumps of friable cmbryogenic 
callus, followed by a controlled regimen ior selection of the 
transformed callus lines. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1A shows a map of plasmid vector pHYGI1 utilized 
in Example 1 FIG. 1B shows the relevant part of pHYGI 
encompassing the HPT coding sequence and associated 
regulatory elements. The base pair numbers start from the 5’ 
nucleotide in the recognition sequence for the indicated 
restriction enzymes, beginning with the EcoRI site at the 5’ 
end of the CaMV 35S promoter. 

FIG: 2A shows a map of plasmid vector pBII221 utilized 


in Example L 


FIG. 2B shows the relevant part of pBII221 encompassing 
the GUS coding sequence and associated regulatory ele- 
ments. 

FIG. 3A depicts the pHYGl-containing fragments 
employed as probes in a Southern blot analysis of PH1 
callus. ae 

FIG. 3B is a Southern blot of DNA isolated from the PH} 
callus line and an untransformed control callus line. 

FIG. 4A depicts the pHYGIl-containing fragments 
employed as probes in a Southern blot analysis of PH1 RO 
plants. 

FIG. 4B is a Southem blot of leaf DNA isolated from Ro 
plants regenerated from PHI and untransformed callus. 

FIG. 5A depicts the pHYGl-containing fragments 
employed as probes in a Southern blot analysis of PHI Rl 
plants. 

FIG. 5B and SC are Southern blots of leaf DNA isolated 
from RI progeny of PHI Ro plants and untransformed Ro 
plants. 

FIG. 6A depicts the pHYGI-containing fragments 
employed as probes in a Southern blot analysis of PH2 
callus. 

FIG. 6B is a Southern blot of DNA isolated from the PH2 
callus line and an untransformed control callus line. 


DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 


The present invention is directed to the production of 
fertile transgenic plants and seeds of the species Zea mays 
and to the plants, plant tissues, and seeds derived from such 
transgenic plants, as well as the subsequent progeny and 
products derived therefrom. The transgenic plants produced 
herein include all plants of this species, including field corn, 
popcom, sweet corn, flint com and dent corn. 

“Transgenic” is used herein to include any cell, cell line, 
callus, tissue, plant part or plant which contains heterolo- 
gous DNA that was introduced into plant material by a 
process of genetic engineering, or which was initially intro- 
duced into a plant species by such a process and was 
subsequently transferred to later generations by sexual or 
asexual cell crosses or cell divisions. 

By “heritable” is meant that the DNA is capable of 
transmission through a complete sexual cycle of a plant, Le. 
passed from one plant through its gametes to its progeny 
plants in the same manner as occurs in normal corn. 
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The transgenic plants of this invention may be produced 
by (i) establishing friable embryogenic callus from the plant 
to be transformed, (ii) transforming said cell line by a 
~ microprojectile -bombardment technique, (iii) controllably 
identifying or selecting transformed ceils, and (iv) tegener- 
ating fertile transgenic plants from the transformed cells. 
Some of the plants of this invention may be produced from 
‘the wansgenic seed produced from the fertile transgenic 
plants using conventional crossbreeding techniques to 
develop commercial hybrid seed containing heterologous 

- DNA. 2 = 


I. Plant Lines and Tissue Cultures 


The cells which have been found useful to produce the 
fertile transgenic maize plants herein are those callus cells 
which are regenerable, both before and after undergoing a 
sélection regimen as detailed further below. Generally, these 
cells will be derived from meristematic tissue which contain 


cells which have not yet terminally differentiated. Such’ 


tissue in graminaceous cereals in general and in maize, in 
particular, comprise Ussues found in juvenile leaf basal 
regions, immature tassels, immature embryos, and coleop- 
tilar nodes. Preferably, immature embryos are used. Meth- 
ods of preparing and maintaining callus from such Ussue and 
plant types are well known.in the art and details on so doing 
. gre available in the literature, cf. Phillips et al. (1988), the 
Gisclosure of which is hereby incorporated by reference. 
The specific callus used must be able to regenerate into a 
fertile plant. The specific regeneration capacity of particular 
callus is important to the success of the bombardment/ 
sélection process used herein because during and following 
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selection, regeneration capacity may decrease significantly. © 


It is therefore important to start with cultures that have as 
high a degree of regencration capacity as possible. Callus 
which is more than about 3 months and up to about 36 


months of age has been found to-have a sufficiently high | 


level of regenerability and thus is currently preferred. The 
regenerative capacity of a particular culture may be readily 
determined by transferring samples thereof to regeneration 
medium and monitoring the formation of shoots, roots, and 
plantlets. The relative number of plantlets arising per Petri 
- dish or per gram fresh weight of tissue may be used as a 
rough quantitative estimate of regeneration capacity. Gen- 
erally, a culture which will produce at Icast one plant per 
gram of callus tissue will be preferred. : 


While maize callus cultures can be initiated from a 
number of differeat plant tissues, the cultures useful herein 
are preferably derived from immature maize embryos which 
are removed from the kemels of an ear when the embryos 
are about 1—3 mm in length. This length generally occurs 
about 9-14 days after pollination. Under aseptic conditions, 

the émbryos are placed on conventional solid media with the 
‘embryo axis down (scutellum up). Callus, tissue appears 
"from the scutellum after several days to a few weeks. After 
the callus has grown sufficiently, the cell proliferations from 
the scutellum may be evaluated for friable consistency and 
the presence of well-defined embryos. By “friable consis- 
tency” is meant that the lissue is easily dispersed without 
causing injury to the cells. Tissue with this morphology is 
then transferred to fresh media and subcultured on a routine 

basis about every two weeks. 

The callus initiation media is solid because callus cannot 
be readily initiated in liquid: medium. The initiation/main- 
tainence media is typically-based on the N6 salts of Chu et 
al. (1975) as described in Armstrong et al. (1985) or the MS 
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salts of Murashige et al. (1962). Tbe basal medium is: 
supplemented with sucrose and 2,4-dichlorophenoxyacetic 
acid (2,4-D). Supplements such as L-proline and casein 
hydrolysate have been found to improve the frequency of 
initiation of callus culnires, morphology, and growth. The 
cultures are generally maintained in the dark, though low 
light levels may also be used. The level of synthetic hormone 
2.4-D, necessary for maintainence and propagation, should 
be generally about 0.3 to 3.0 mg/l. 

Although successful transformation and regeneration has 
been accomplished herein with friable embryogenic callus, 
this is not meant to imply that other transformable regener- 
able cells, tissue, or organs cannot be employed to produce 
the fertile transgenic plants of this invention. The only acmal 
requirement for the cells which are transformed is that after 


- transformation they must be capable of regeneration of a 


plant containing the heterologous DNA following the pat-- 
ticular selection or screeming procedure actually used. 


0. DNA Used for Transformation 


The heterologous DNA used for twansformation herein. 
may be circular or linear, double-stranded or single- 


~ stranded. Generally, the DNA is in the form of a plasmid and 


contains coding regions of beneficial heterologous DNA 
with flanking regulatory sequences which serve to promote 
the expression of. the heterologous DNA present in the 
resultant com plant, “Heterologous DNA” is used herein to 
include all synthetically engineered or biologically derived 
DNA which is introduced into a plant by man by genctic 
engineering, including but not limited to, nonplant genes, » 
modified genes, synthetic genes, portions of genes, as well 
as DNA and genes from maize and other plant species. 


‘The compositions of and methods for constructing heter- 
ologovs DNA for successful transformations of plants is’ 
well known to those skilled in the art, and the same 
compositions and methods of construction may be utilized to 
produce the heterologous DNA useful herein. The specific 
composition of the DNA is not central to the present 
invention and the invention is not dependent upon the 
composition of the specific transforming DNA used. Weis~ 
ing et al. (1988), the subject matter of which is incorporated 
herein by reference, describes suitable DNA components 
thereof which include promoters, polyadenylation 
sequences, selectable marker genes, reporter genes, enhanc- 
ers, introns, and the like, as well as provides suitable 
references for compositions thereof. Sambrook et al. (1989) 
provides suitable methods of construction. 

Generally the heterologous DNA will be relatively small, 
ie. less than about 30 kb to minimize any susceptibility to 
physical, chemical, or enzymatic degradation which is 
known to increase as the size of the DNA increases. 

Suitable heterologous DNA for use herein includes all 


‘DNA which will provide for, or enhance, a beneficial feature 


of the resultant transgenic corn plant. For example, the DNA 

may encode proteins or antisense RNA transcripts in ofder 

to promote increased food values, higher yields, pest resis- 

tance, disease resistance, and the like. For example, a. 
bacterial dap A gene for increased lysine; Bt-endotoxin gene 

or protease inhibitor for insect resistance; bacterial ESPS 

synthase for resistance to glyphosate herbicide, chitinase or 

glucan endo-1,3-B-glucosidase for fungicidal properties. 

Also, the DNA may be introduced to act as a genetic tool to 

generate mutants and/or assist in the identification, genetic. 
tagging, or isolation of segments of com DNA. Additional 

examples may be found in Weising, supra. 
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The heterologous DNA to be introduced into the plant 
further will generally contain either a selectable marker or a 
reporter gene or both to facilitate identification and selection 
of transformed cells. Alternatively, the selectable marker 
may be carried on a separate piece of DNA and used in a 
cotransformation procedure. Both selectable markers and 
reporter genes may be flanked with appropriate regulalory 
sequences to enable expression in plants. Useful selectable 

_markers are well known in the art and include, for example, 
antibiotic and herbicide resistance genes. Specific examples 
_of such genes are disclosed in Weising et al, supra. A 
preferred selectable marker gene is the hygromycin B phos- 
photransferase (HPT) coding sequence, which may be 
derived from E£. coli. Other selectable markers known in the 
' art include aminoglycoside phosphotransferase gene of 
transposon Tn5 (Aphil) which encodes resistance to the 
antibiotics kanamycin, neomycin, and G418, as well as 
‘those genes which code for resistance or tolerance to gly- 
phosate, methotrexate, imidazolinones, sulfonylureas, bro- 
moxynil, dalapon, and the like. Those selectable marker 
genes which confer herbicide resistance or tolerance are also 
of commercial utility in the resulting transformed plants. 


Reporter genes which encode for easily assayable marker 
proteins are well known in the art. In general, a reporter gene 
is 2 gene which is not present or expressed by the recipient 
organism or tissue and which encodes a protein whose 
expression is manifested by some easily detectable property, 
e.g. phenotypic change or enzymatic activity. Examples of 
such genes are provided in Weising el al, supra. Preferred 
genes include the chloramphenicol acetyl transferase gene 
from Tn9 of E. coli, the beta-glucuronidase gene of the uidA 
locus of E. coli, and the luciferase genes from firefly 
Photinus pyralts. 


The regulatory sequences useful herein include any con- 

stitutive, inducible, tissue or organ specific, or developmen- 
tal stage specific promoter which can be expressed in the 
particular plant cell. Suitable such promoters are disclosed 
in Weising et al, supra. The following is a partial represen- 
tative list of promoters suitable for use herein: regulatory 
sequences from the T-DNA of Agrobacterium tumefaciens, 
including mannopine synthase, nopaline synthase, and 
actopine syathase; alcohol dehydrogenase promoter from 
com; light inducible promoters such as, ribulose-biphos- 
“phate-carboxylase smal] subunit gene from a variety of 
_species; and the major chlorophyll a/b binding protein gene 
promoter; 35S and 19S promoters of caulifiower mosaic 
virus; developmentally regulated promoters such as the 
waxy, zein, or bronze promoters from maize; as wel] as 
synthetic or other natural promoters which are either induc- 
ible or constitutive, including those promoters exhibiting 
organ specific expression or expression at specific develop- 
ment stage(s) of the plant. 

Other elements such as introns, enhancers, polyadenyla- 
tion sequences and the like, may also be present on the 
DNA. Such elerhents ray or may not be necessary for the 
function of the DNA, although they can provide a better 
expression or functioning of the DNA by affecting transcrip- 
tion, stability of the mRNA, or the like. Such elements may 
be included in the DNA as desired to obtain the optimal 
performance of the transforming DNA in the plant For 
example, the maize AdhlS first inwon may be placed 
between the promoter and the coding sequence of a particu- 
lar heterologous DNA. This intron, when included in a DNA 
construction, is known to generally increase expression in 
maize cells of a protein. (Callis et al. 1987) However, 
sufficient expression for a selectable marker to perform 
satisfactorily can often be obtained without an intron. (Klein 


8 
et al. 1989) An example of an alternative suitable intron is 
ihe shrunken-1 first intron of Zea mays. These other ele- 
ments must be compatible with the remainder of the DNA 
constructions. 


To determine whether a particular combination of DNA 


_ and recipient plant cells are suitable for use herein, the DNA 


may include a reporter gene. An assay for expression of the 
reporter gene may then be performed at a suitable time after 
the DNA has been introduced into the recipient cells. A 
preferred such assay entails the use of the E. coli beta- 
glucuronidase (GUS) gene (Jefferson et al. 1987). In the case 
of the microprojectile bombardment transformation proccss 
of the present invention, a suitable time for conducting the 
assay is about 2-3 days after bombardment The use of 
transient assays is particularly important when using DNA 
components which have not previously been demonstrated 
or confirmed as compatible with the desired recipient cells. 


iL DNA Delivery Process 


The DNA-can be introduced into the regenerable maize 
callus cultures via a particle bombardment process. A gen- 
eral description of a suitable particle bombardment instru- 
ment is provided in Sanford et al. (1987), the disclosure of 
which is incorporated herein by reference. While protocols 
for the use of the instrament in the bombardment of maize 
non-regenerable suspension culture cells are described in 
Klein et al. (19882, 1988b, and 1989), no protocols have 
been published for the bombardment of callus cultures or 
regenerable maize cells. 


In a microprojectile bombardment process, also referred 
to as a biolistic process, the transport of the DNA into the 
callus is mediated by very small particles of a biologically 
inert material. When the inezt particles are coated with DNA 
and accelerated to a suitable velocity, one or more of the 
particles is able to enter into one or more of the cells where 
the DNA is released from the particle and expressed within 
the cell. While some of the cells are fatally damaged by the 
bombardment process, some of the recipient cells do sur- 
vive, stably retain the introduced DNA, and express it 

The particles, called microprojectiles, are generally of a 
high density material such as tungsten or gold. They are 
coated with the DNA of interest. The microprojectiles are 
then placed onto the surface of a macroprojectile which 
serves to transfer the motive force from a suitable energy 
source to the microprojectiles. After the macroprojectile and 
the microprojectiles are accelerated to the proper velocity, 
they contact a blocking device which prevents the macro- 
projectile from continuing its forward path but allows the 
DNA-coated microprojectiles to continue on and impact the 
recipient callus cells. Suitable such instruments may use a 
variety of motive forces such as gunpowder or shock waves 
from an electric arc discharge J. C. Sanford et al., J. Particle 
Science and Technology, 5,27 (1987). An instrument in 
which gunpowder is the motive force is amrently preferred 
and such is described and further explained in Sanford et al. 
(1987), the disclosure of which is incorporated herein by 
reference. 

A protocol for the use of the gunpowder instrument is 
provided in Klein et al. (1988a, b) and involves two major 
steps. First, tungsten microprojectiles are mixed with the 
DNA, calcium chloride, and spermidine free base in a 
specified order in an aqueous solution. The concentrations of 
the various components may be varied as taught The 
currently preferred procedure entails exactly the procedure 
of Klein et al. (1988b) except for doubling the stated 
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optimum DNA concentration. Secondly, in the actual bom- 
bardment, the distance of the recipient cells from the end of 
_ the barrel as well as the vacuum in the sample chamber. The 
currently preferred procedure for bombarding the callus 
entails exactly the procedure of Klein et al. (19885) with the 
recipient tissuc positioned 5 cm below the stopping plate 
tray. 

The callus cultures useful herein for generation of trans- 
genic plants should generally be about 3 months to 3 years 
old, preferably about 3 to 18 months old. Callus used for 
bombardment should generally-be about midway between 
transfer petiods and thus past any “lag” phase that might be 
associated with a transfer to a new media, but also before 
reaching any “stationary” phase associated with a long time 
on the same plate. 

‘The specific tissue subjected to the bombardment process 
is preferably taken about 7-10 days after subculture, though 
this is not believed critical. The tissue should generally be 
- sed in the form of pieces of about 30 to 80, preferably about 
40 to 60, mg. The clumps are placed on a petri dish or other 
surface and arranged in essentially any manner, recognizing 
that (i) the space in the center of the dish will receive the 
heaviest concentration of metal-DNA particles and the tissue 
“located there is likely to suffer damage during bombardment 
and (ii) the number of particles reaching a cell will decrease 
(probably exponentially) with increasing distance of the ccll 
from the center of the blast so that cells far from the center 
of the dish are not likely to be bombarded and transformed. 
A mesh screen, preferably of metal, may be laid on the dish 
to prevent splashing or ejection of the tissuc. The lssue may 
be bombarded one or more times with the DNA-coated 
metal particles. 


TV. Selection Process 


Once the calli have been bombarded with the DNA and 
the DNA has penetrated some of the cclls, it is necessary to 
identify and select those celis which both contain the het- 
erologous DNA and still retain sufficient regencrative capac- 
ity. There arc two general approaches which have been 
found useful for accomplishing this. Firsi, the transformed 
calli or plants regenerated therefrom can be screened for the 
presence of the heterologous DNA by various standard 
methods which could include assays for the expression of 
reporter genes or assessment of phenotypic effects of the 
heterologous DNA, if any. Alternatively and preferably, 
when a selectable marker gene has been transmitied along 
with or as part of the heterologous DNA, thosc cells of the 
callus which have been transformed can be identified by the 
use of a selective agent to detect expression of the selectable 
marker gene. 


Selection of the putative transformants is a critical part of 
the successful transformation process since selection condi- 
tions must be chosen so as to allow growth and accumulation 
of the transformed cells while simultaneously inhibiting the 
growth of the non-transformed cells. The situation 1s com- 
‘plicated by the fact that the vitality of individual cells in a 
population is often highly dependent on the vitality of 
neighboring cells. Also, the selection conditions must not be 
so severe that the plant regeneration capacity of the callus 
cells and the fertility of the resulting plant are precluded. 
Thus the effects of the selection agent on cell viability and 
morphology should be evaluated. This may be accoruplished 
by experimentally producing a growth inhibition curve for 
the given ‘selective agent and tissue being transformed 
beforehand. This will establish the concentration range 
which will inhibit growth. 
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When a selectable marker gene has been used, the callus 
clumps may be either allowed to recover from the bombard- 
ment on non-selective media or, preferably, directly trans- 
ferred to media containing that agent. 


Selection procedures involve exposure to a toxic agent 
and may employ sequential changes in the concentration of 
the agent and multiple rounds of selection. The particular 
concentrations and cycle lengths are likely to need to be 
varied for each particular agent. A currently preferred selec- 
tion procedure entails using an initial selection round at a. 
relatively low toxic agent concentration and then later 
round(s) at higher concentration(s). This allows the selective 
agent 1o exert its toxic effect slowly over a longer period of . 
time. Preferably the concentration of the agent is initially 
such that about 2 540% level of growth inhibition will — 
occur, as determined from a growth iniubition curve. The 
effect may be to allow the transformed cells to preferentially - 
grow and divide while inhibiting untransformed cells, but — 
not to the extent that growth of the transformed cells is 
prevented. Once the few individual transformed cells have 
grown sufficiently the Ussuc may be shifted to media con- 
taining a higher concentration of the toxic agent to kall- 
essentially all untransformed cells. The shift to the higher 
concentration also reduces the possibility of nontransformed 
cells habituating to the agent. The higher level is preferably 
in the range of about 30 to 100% growth inhibition. The 
length of the first selection cycle may be from about 1 to 4 
weeks, preferably about 2 weeks. Later selection cycles may 
be from about 1 to about 12 weeks, preferably about 2 to 
about 10 weeks. Putative maize wansformants can generally. 
be identified as proliferating sectors of tissue among a 
background of non-proliferating cells. The callus may also 
be cultured on non-selective media at various limes during 
the overall selection procedure. 


Once a2 callus sector is identified as a putative transfor- 
mant, transformation can be confinmed by phenotypic and/or 
genotypic analysis. If a selection agent is used, an example 
of phenotypic analysis is to measure the increase in fresh 
weight of the putative transformant as compared to a control 
on various levels of the selective agent. Other analyses that 
may be employed will depend on the function of the 
heterologous DNA. For example, if an enzyme or protein is 
encoded by the DNA, enzymatic or immunological assays 
specific for the particuler enzyme of protein may be used. 
Other gene products may be assayed by using a suitable 
bioassay or chemical assay. Other such techniques are well 
known in the art and are not repeated here. The presence of 
the gene can also be confirmed by conventional procedures, 
ie. Southem blot or polymerase chain reaction (PCR) or the 
like. 


V. Regeneration of Plants and Production of Seed 


Cell lines which have been shown to be transformed must 
then be regenerated into plants and the fertility of the 
resultant plants determined. Transformed lines which test 
positive by genotypic and/or phenotypic analysis are then 
placed on a media which promotes tssue differentiation and 
plant regeneration. Regeneration may be carried out in 
accordance with standard procedures well known in the art. 
The procedures commonly entail reducing the level of auxin 
which discontinues proliferation of a ‘callus and promotes 
somatic embryo development or other tissue differentiation. 
One example of such a regeneration procedure is described 
in Green et al. (1981). The plants are grown to maturity in 
a growth room or greenhouse and appropriate sexual crosses 
and selfs are made as described by Nenffer (1981). 
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Regeneration, while important to the present invention, 
may be performed in any conventional manner. If a select- 
able marker has been transformed into the cells, the selection 
agent may be incorporated into the regeneration media to 

further confirm that the regenerated plantlets are trans- 
formed. Since regeneration techniques arc well known and 
not critical to the present invention, any technique which 

accomplishes the regeneration and produces fertile plants 
may be used. . 


Vi. Analysis of R1 Progeny 


The plants regenerated from the transformed callus are 
referred to as the RO generation or RO plants. The seeds 
_ produced by various sexual crosses of the RO generation 

' plants are referred to as R} progeny or the R1 generation. 

* When RJ seeds are germinated, the resulting plants are also 

referred to as the R1 generation. 


To confirm the successful transmission and inheritance of 
the heterologous DNA in the sexual crosses described 
above, the Ri generation should be analyzed to confirm the 
presence of the transforming DNA. The analysis may be 
performed in any of the manners such as were disclosed 
above for analyzing the bombarded callus for evidence of 
transformation, taking into account the fact that plants and 
plant parts are being used in place of the callus. 


VI. Breeding of Genetically Engineered 
Commercial Hybrid Seed 


Generally, the commercial value of the transformed com 
produced herein will be greatest if the heterologous DNA 
can be incorporated into many different hybrid combine- 
tions. A farmer typically grows several varieties of hybrids 
based on differences in maturity, standability, and other 
apronomic traits. Also, the farmer must select a hybnd based 
upon his physical location since hybrids adapted to one part 
of the corn belt are generally not adapted to another part 
because of differences in such traits as maturity, disease, and 
insect resistance. As such, it is necessary to incorporate the 
heterologous DNA into’a large number of parental Jines so 
that many hybrid combinations can be produced containing 
the desirable heterologous DNA. This may conveniently be 
done by breeding programs in which a conversion process 
(backcrossing) is performed by crossing the initial trans- 
geniC fertile plant to normal elite inbred lines and then 
crossing the progeny back to the normal parent. The progeny 
from this cross will segregate such that some of the plants 
will carry the heterologous DNA whereas some will not. The 
planis that do carry the DNA are then crossed again to the 
normal plant resulting in progeny which segregate once 
more. This crossing is repeated until the original normal 
parent has been converted to a genetically engineered line 
containing the heterologous DNA and also possessing all 
other important attributes originally found in the parent. A 
_ separate backcrossing program will be used for every elite 
line that is to be converted to a genetically engineered clite 
line. It may be-necessary for both parents of a hybrid seed 
corm to be homozygous for the heterologous DNA. Com 
breeding and the techniques and skills required to transfer 
genes from one line or variety to another are well-known to 
those skilled in the art. Thus introducing heterologous DNA 
into lines or varicties which do not generate the appropriate 
calli can be readily accomplished by these breeding proce- 
dures. , 
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VILL Uses of Transgenic Plants 


The transgenic plants produced herein are expected to be 
useful for a variety of commercial and research purposes. 
Transgenic plants can be created for use in traditional 
agriculture to possess traits beneficial to the grower (c.g. 
agronomic traits such as pest resistance or increased yield), 
beneficial to the consumer of the grain harvested from the 
plant (c.g. improved nutritive content in human food or 
animal feed) or beneficial to the food processor (c.g. 
improved processing traits). In such uses, the plants are 
generally grown for the use of their grain in human or animal 
foods, however, other parts of the plants, including stalks, 
husks, vegetative parts, and the like, may also have utility, 
including use as part of animal silage or for ormamental 
purposes (e.g. Indian corm). Often chemical consuituents 
(e.g. oils or starches) of corn and other crops are extracted . 
for food or industrial use and transgenic planis may be 
created which have enhanced or modified levels of such 
components. The plants may also be used for seed produc- 
tion for a variety of purposes. 

Transgenic plants may also find use in the commercial 
manufacture of proteins or other molecules encoded by the 
heterologous DNA contained therein, where the molecule of — 
interest is extracted or purified from plant parts, seeds, and 
the like. Cells or tissue from the plants may also be cultured, 
grown in vitro, or fermented to manufacture such molecules, 
or for other purposes (e.g. for research). 


The transgenic plants may also be used in commercial 
breeding programs, or may be crossed or bred to plants of 
related crop species. Improvements encoded by the heter- 
ologous DNA may be transferred, é.g. from corn cells to 
cells of other species e.g. by protoplast fusion. 

The transgenic plants may have many uses in research or 
breeding, including creation of new mutant plants through 
insertional mutagenesis, In order to identify beneficial 
mutants that might later be created by traditional mutation 
and selection. The methods of the invention may also be 
used to create plants having unique “signature sequences” or 
other marker sequences which can be used to identify 
proprietary lines or varieties. 

The following non-limiting examples are illustrative of 
the present invention. They are presented to better explain 
the general procedures which were used to prepare the fertile 
Zea mays plants of this invention which stably cxpress the 
heterologous DNA and which transmit that DNA to progeny. 
All parts and percents are by weight unless otherwise 
specified. It must be recognized that a specific transforma- 
tion event is a function of the amount of material subjected 
to the transfermation procedure. Thus when individual situ- 
ations arise in which the procedures described herein do not 
produce a transformed product, repetition of the procedures 
will be required. 


EXAMPLE |! 


Fertile transgenic Zea mays plants which contain heter- 
ologous DNA which is heritable were prepared as follows: 


]. Initiation and Maintenance of Maize Cell 
Cultures Which Retain Plant Regeneration Capacity 


Friable, embryogenic maize callus culmures were initiated 
from hybrid immature embryos produced by pollination of 
inbred line A188 plants (University of Minnesota, Crop 
Improvement Association) with pollen of inbred line B73 
plants (lowa State University). Ears were harvested when 
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ihe embryos had reached a length of 1.5 to 2.0 mm. The 
whole ear was surface sterilized in 50% v/y commercial 
bleach (2.63% w/y sodium hypochlorite) for 20 min. at room 
temperature. The ears were then washed with sterile dis- 
. tilled, deionized water. Immature embryos were aseptically 
isolated and placed on nutrient agar initiation/maintenance 
media- with the roo/shoot axis exposed to the medium. 
Initiation/maintenance media (hereinafter refered to as F 
medium) consisted of N6 basal media (Chu 1975) with 2% 
- (wiv) sucrose, 1.5 mg per liter 2,4-dichlorophenoxyacenc 
acid (2,4-D), 6 mM proline, and 0.25% Gelrite (Kelco, Inc. 
San Diego). The pH was adjusted to 5.8 prior to autoclaving. 
Unless otherwise stared, all tissue culture manipulations 
were carried out under sterile conditions. | 
The immature embryos were incubated at 26° C. in the 
_ dark. Cell proliferations from the scutellum of the immature 
embryos were evaluated for friable consistency and the 
presence of well defined somatic embryos. Tissue with this 
morphology was transferred to fresh media 10 to 14 days 
after the initial plating of the immature embryos. The tissue 
was then subcultured on a routine basis every 14 to 21 days. 
Sixty to eighty milligram quantities of tissue were removed 
from pieces of tissue that had reached a size of approxi- 
mately one gram and transferred to fresh media. Subcultur- 
ing always involved careful visual monitoring to be sure that 
only tissue of the correct morphology was maintained. The 
presence of somatic embryos ensured that the cultures would 
give rise to plants under the proper conditions. The cell 
- culture named AB12 used in this example was such a culture 
and had been initiated about 1 year before bombardment. 


Ql. Plasmids—pCHNI-1, pHYGI], pBY2-21, and 
pLUC-] 


The plasmids pCHN1-I, pHYGIl, and pLUC-1 were 
constructed in the vector pBS+ (Stratagene, Inc., San Diego, 


Calif.), 2 3.2 Kb circular plasmid, using standard recombi- ° 


nant DNA techniques. pCHN}-1 contains the hygromycin B 
phosphotransferase (HPT) coding sequence from E. coli 
(Gritz et al. 1983) flanked at the 3’ end by ihe nopaline 
synthase (nos) polyadenylation sequence of Agrobacterium 
tumefaciens M. Bevan ct al., Nuc. Acids Res., 11, 369, 1985). 
Expression is driven by the caulifiower mosaic virus 
(CaMY¥) 35S promoter (Guilley et al. 1982), located 
upstream from the hygromycin coding sequence. The plas- 
.mid pHYGI1 was constructed by inserting the 353 bp 
‘Bcl-BamHI fragment containing the maize AdhiS first intron 
(Callis et al. 1987} between the CaMV 35S promoter and the 
hygromycin coding sequence of pCHNI-1. A map of 
pHYGI]I is provided as FIG. 1A. 

pBi221 contains the £. Coli B-glucuronidase coding 
sequence flanked at the 5‘ end by the CaMV 35S promoter 
and at the 3° end by the nos polyadeaylation sequence. The 
plasmid was constructed by inserting the maize AdhiS first 
intron between the 35S promoter and the coding sequence of 
pBI221 (Jefferson et al. 1987). A map of pBY22) is provided 
as FIG, 2A. 

pLUC-1 contains the firefly luciferase coding sequence 
(DeWet et al. 1987) flanked at the 5’ end by the CaMV 358 
promotcr and at the 3° end by the nos polyadenylation 
sequence. This plasmid was used solely as a aegative 
control. _ | 

Plasmids were introduced into the embryogenic callus 
culture AB12 by microprojectile bombardment. 


Il. DNA Delivery Process 


The embryogenic maize callus line AB12 was subcultured 
7 to 12 d prior to microprojectile bombardment. AB12 was 
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prepared for bombardment as follows. Five clumps of callus, 
cach approximately SQ mg in wet weight were arranged in 
a cross pattern in the center of a sterile 60 x 15 mm petri 
platc (Falcon 1007). Plates were stored in a closed container 
with moist paper towels throughout the bombardment pro- 
cess. Twenty six plates were prepared. 


Plasmids were coated onto M-10 wungsten particles 
(Biolistics) exactly as described by Klein, et al (1988b) 
except that, (i) twice the recommended quantity of DNA was 
used, (ii) the DNA precipitation onto the particles was 
petformed at 0° C., and (iii) the tubes containing the 
DNA-coated tungsten particles were stored on ice through- 
out the bombardment process. . 


All of the tubes contained 25 ul 50 mg/ml M-10 tungsten 
in water, 25 ul 2.5M CaCl, and 10 u! 100 mM spermidine 
free base along with a total of 5 vl 1 mg/ml total plasmid 
content. When two plasmids were used simultaneously, each 
was present in an ammount of 2.5 ul. One tube contained only 
plasmid pBH22i;\ two wbes contained both plasmids 
pHYGII and pBM221; two tbes contained both plasmids 
pCHNI-1 and pBi221; and one tube contained only plasmid 
pLUC-}. 

All mbes were incubated on ice for 10 min., , pelletized by 
centrifugation in an Eppendorf centrifuge at room tempera-. 
ture for 5 seconds, and 25 ul of the supernatant was. 
discarded. The tubes were stored on ice throughout the 
bombardment process. Each preparation was used for no 
more than 5 bombardments. : . 

Macroprojectiles and stopping plates were obtained from 
Biolistics, Inc. (ithaca, N.Y.). They were sterilized as 
described by the supplier. The microprojectile bombardment 
instrument was obtained from Biolistics, Inc. 

The sample plate tray was positioned at the position 5 cm 
below the bottom of the stopping plate tray of the micro- 
projectile instrument, with the stopping plate in the slot 
below the barrel. Plates of callus tssue prepared as 
described above were centered on the sample plate uray and 
the petri dish lid removed. A 7x7 cm square rigid wire mesh 
with 3x3 mm mesh and made of galvanized stcei was placed 
over the open dish in order to retain the lissue during the 
bombardment. Tungsten/DNA preparations were sonicated 
as described by Biolistics, Inc. and 2.5 ul was pipetted onto 
the top of the macroprojectiles. The instrument was operated 
as described by the manufacturer. The following bombard- 
ments were performed: 

2xpBU221 prep To determine transient expression fre- 

qucacy 

10xpHYGI1/pB1221 As a potential positive treatment for 

transformation 

1xpCHN1-1/pBl221 As a potential positive treatment sa 

transformation 


4xpLUC-1 Negative control treatment 
The two plates of callus bombarded with pBII221 were 
transferred plate for plate to F medium (with no hygromy- 


cin) and the callus cultured at 26° C. in the dark. After2d 


this callus was then transferred plate for plate into 35x10 
mm. petri plates (Falcon 1008) containing 2 mlof GUS assay _ 
buffer which consists of 1 mg/ml 5-bromo-t-chloro-3-in- - 
dolyl-beta-D-glucuronide (Research Organics),. 100 mM 
sodium phosphate pH 7.0, 5 mM each of potassium feri- 

cyanide and potassium ferrocyanide, 10 mM EDTA, and 
0.06% Triton X-100. These were incubated at 37° C. for 3 
d after which the number of blue cells was counted giving 
291 and 477 transient GUS expressing cells in the two 
plates, suggesting that the DNA delivery process had also 
occurred with the other bombarded plates. These plates were 
discarded after counting since the GUS assay is destructive. 
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TV. Selection Process 


Hygromycin B (Calbiochem) was incorporated into the 
medium by dddition of the appropriate volume of filter 
sterilized 100 mg/m] Hygromycin B in water when the 
media had cooled to 45°C. prior to pouring plates. 

_ Immediately after all samples had been bombarded, callus 
from all of the plates weated with pHYGIl/pBI221, 

’ pCHNI-1l/pBil221 and three of the plates treated with 
pLUC-1 were transferred plate for plate onto F medium 
containing 15 mg/] hygromycin B, (five pieces of callus per 
plate). These are referred to as round 1 selection plates. 

_Callus from the fourth plate treated with pLUC-1. was 
transferred to F medium without hygromycin. This tissue 
was subcultured every 2~3 weeks onto nonselective medium 
and is referred to as unselected contra] callus. 


After two weeks of selection, tissue appeared essentially 
identical on both selective and nonselective media. All 
callus from eight plates from each of the pHYGI1/pBI221 
arid pCHN1-1/pBO-221 treatments and two plates of the 
control callus on selective media were transferred from 
round 1 selection plates to round 2 selection plates that 
contained 60 mg/l hygromycin The round 2 selection plates 
each contained ten 30 mg pieces of callus per plate, resulting 
in an expansion of the total number of plates. 

The remaining tissue on selective media, two plates each 
of pHYGIi/pBIl221 and pCHN1-1/pBI221 treated tissue 
and one of control callus, were placed in GUS assay buffer 
at 37° C. to determine whether blue clusters of cells were 
observable at two weeks post-bombardment Aficr 6 d in 
assay buffer this tissue was scored for GUS expression. 








TREATMENT REPLICATE OBSERVATIONS 

pLUC-} no bluse cells 

pHYGH/BH221 plate 1 1] single cells 

1 four cell chister 

plate 2 5 single cells 

pCHN1]-/pBID2) plate 1 i single cell 
2 two cell clusters 

plate 2 5 single cells 


7 tee cell cluster 
? clusters of 8-10 cells 





After 21 d on the round 2 selection plates, all viable 
portions of the material were iransferred to round 3 selection 
plates containing 60 mg/l hygromycin. The round 2 selection 
plates, containing only tissue that was apparently dead, were 
reserved. Both round 2 and 3 selection plaics were observed 
periodically for viable proliferating sectors. 

After 35 d on round 3 selection plates both the round 2 and 
round 3 sets of selection plates were checked for viable 
sectors of callus. Two such sectors were observed prolifer- 
ating from a background of dead tissue on plates treated with 
pHYGI1/pBU221. The first sector named 3AA was from the 
round 3 group of plates and the second sector named 6L was 
from the round 2 group of plates. Both nes were then 
transferred to F medium without hygromycin. 


After 19 don F medium without hygromycin the line 3AA 
grew very little whereas the line 6L grew rapidly. Both were 
transferred again to F medium for 9 d. The lines 3AA and 6L 
were then transfered to F medium containing 15 me/l 
hygromycin for 14 d. At this point, line 3AA was observed 
10 be of very poor quality and slow growing. The line 6L 
however grew rapidly on F medium with 15 mg] bygromy- 
cin. In preparation for an inhibition study of the linc 6L on 
hygromycin, the line was then subcultured to F medium 
without hygromycin. 
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After 10 d on F medium an inhibition study of the line 6L 
was initiated. Callus of 6L was wansfered onto F medium 
containing 0, 10, 30, 100, and 250 mg/l hygromycin B.-Five 
plates of callus were prepared for each concentration and 
each plate contained ten approximately 50 mg pieces of 
callus. One plate of unselected contro] Ussue was prepared 
for each concentration of hygromycin. 2 - 


Jt was found that the line 6L was capable of sustained» 
growth over 9 subcultures on 0, 10, 30, 190, and 250 mg/! 
hygromycin. The name of the line 6L was changed at this 
time from 6L to PH1 (Positive Eygromycin wansformaant 1) 


Additional sectors were recovered at various time points 
from the round 2 and 3 selection plates. Nane of these were 
able to grow in the presence of hygromycin for multiple. 
rounds, i.e. two or three subcultures. 


V. Confirmation of Transformed Callus 


To show that the PH1 callus had acquired the hygromycin 
resistance gene, a Southern blot of PH1 callus was prepared 
as follows: DNA was isolated from PHI and unselected 
control calli by freezing 2 g of callus in liquid nitrogen and 
grinding it to a fine powder which was transferred to a 30 ml 
Oak Ridge tube containing 6 ml extraction buffer (7M urea, 
250 mM NaCl, 50 mM Tris-HCI pH 8.0, 20 mM EDTA pH 
8.0, 19 sarcosine). To this was added 7 ml of phenol:chlo- 
roform 1:1, the tubes shaken and incubated at 37° C. 15 min. 
Samples were centrifuged at 8K for 10 min. at 4° C. The 
supematant was pipetted through miracloth (Calbiochem 
475855) into a disposable 15 ml tube (American Scientific 
Products, C3920-15A) containing 1 mi 44M ammonium 
acetate, pH 5.2. Isopropanol, 6 ml, was added, the tubes 
shaken, and the samples incubated ai ~—20° C. for 15 min. 
The DNA was pelleted in a Beckman TJ-6 centrifuge at the 
maximum speed for 5 min. at 4° C. The supernatant was 
discarded and the pellet was dissolved in S00 ul TE-10 (10 
mM Tris-HCl pH 8.0, 10 mM EDTA pH 8.0) 15 min. at room 
temperature. The samples were transferred to a 1.5 ml 
Eppendorf tube and 100 ul 4.4M armmonium acctate, pH 5.2 
and 700 ul isopropanol were added. This was incubated at 
~20° C. for 15 min. and the DNA pelleted 5 min. in an 
Eppendorf microcentrifuge (12,000 rpm). The pellet was 
washed with 70% ethanol, dried, and resuspended in TE-1! 
(10 mM Tris-HCI pH 8.0, 1 mM EDTA). 

The isolated DNA (10 ug) was digested with BamHI 
(NEB) and electrophoresed in a 0.8% w/v agarose gel at ISV 
for 16 hrs in TAE buffer (40 mM Tris-acetate, i mM EDTA). 
The DNA within the gel was then depurinate, by soaking the 
gel twice in 0.25 M HCl for 15 min., denatured and cleaved 
by soaking the gel twice in 0.5M NaOH/1.0M NaCl 15 min, 
and neutralized by soaking the gel twice in 05M Tris pH 
7.443M NaCl 30 min. DNA was then blotted onto a Nytran 
membrane (Shleicher & Shuell) by capillary transfer over- 
night in 6X SSC (20X SSC, 3M NaCl, 0.3M sodium citrate 
pH 7.0). The membrane was baked at 80° C. for 2 rs under 
vacuum. Prehybridization treatment of the membrane was 
done in 6X SSC, 10K Denhardt’s solution, 1% SDS, 50 
ug/ml denatured salmon sperm DNA using 0.25 mi prehy- 
bridization solution per cm” of membrane. Prehybridization 
was caried out al 42° C. overnight. 

A 32P labelled probe was prepared by random poimer 
labelling with an Oligo Labelling Kit (Pharmacia) as per the 
suppliers instructions with 32P-dCTP GCN Radiochemi- 
cals). The template DNA used was the 1055 bp BamHi 
fragment of pHYGI1, which is the HPT coding sequence. 
The fragment was gel purified and cut again with PsI (NEB) 
before labelling. 
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‘The hybridization was performed in 50% formamide, 6X 

SSC, 19% SDS, 50 ug/ml denatured salmon sperm DNA 

(Sigma), 0.05% sodium pyrophosphate and all of the iso- 

_ propanol precipitated heat denatured probe (107 CPM/S0ug 

template). The hybridization was carried oul at 42° C. 
overnight” 


The membrane was washed twice in 50 ml 6X SSC, 0.1% 
SDS 5 min. at room temperature with shaking, then twice in 
500 ml 6X SSC, 0.1% SDS 15 min. at room temperature, 
then twice in 500 mi 1X SSC, 1% SDS 30 min. at 42°C, 
-- and finally in 500 ml 0:1X SSC 1% SDS 60 min. at 65° C. 

- Membranes were exposed to Kodak X-OMAT AR film in an 
X-OMATIC cassette with intensifying screens. As shown in 
FIG. 3B, a band was observed for PH] callus at the expected 
position of 1.05 Kb, indicating that the HPT coding 
sequence was present. ae band was observed for control 
callus. 


VI. Plant Regeneration and Production of Seed 


PH] callus was transferred directly from all of the con- 
centrations of hygromycin used in the int hibition study to 
RM5 medium which consists of MS basal salts (Murashige 
el al. 1962) supplemented with thiamine HCI 05 mg/l, 
2,4-D 0.75-mg/l, sucrase 50 g/l, asparagine 150 mg/l, and 
Gelrite 2.5 g/l (Kelco Inc. San Diego). 

Afier 14 d on RM5 medium the majority of PH1 and 
negative control callus was transferred to R5 medium which 
is the same as RMS medium, except thal 2,4-D is omitted. 
These were culmired in the dark for 7 d at 26° C. and 
iransfcrred to a light regime of 14 hours light and 10 hours 
- dark for 14 d at 26° C. At this point, plantlets that had formed 
were transferred Lo one quart canning jars (Ball) containing 
100 ml of R5 medium. Plants were transferred from jars to 
vermiculite after 14 and 21 d. Plants were grown in ver- 
miculite for 7 or 8 d before transplanting into soi] and grown 
to maturity. A total of 65 plants were produced from PH1 and 
a total of 30 plants were produced from control callus. 

To demonstrate that the introduced DNA had been 
retained in the Ro lissuc, a Southern blot was periormed as 
previously described on leaf DNA from three randomly 
chosen Ro plants of PH]. As shown in FIG, 4B, a 1.05 Kb 
band was observed with all three plants indicating that the 
HPT coding sequence was present. No band was observed 
for DNA from a control plant. 

Controlled pollinations of mature PH] plants were con- 
ducted by standard techniques with inbred lines A188, B73 
and Oh43. Seed was harvested 45 days post-pollination and 
allowed to dry further 1-2 weeks. Seed set varied from 0 to 
40 seeds per ear when PHI was the female parent and from 
0 to 32 seeds per ear when PH] was the male parent 


VO. Analysis of the Ri Progeny 


The presence of the hygromycin resistance trait was 
evaluated by a root elongation bioassay, an etiolated leaf 
bioassay, and by. Southern blotting. Two ears each from 
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regenerated PH1 and control plants were selected for analy- 
sis. The pollen donor was inbred line A188 for all ears. 


(A) Root Elongation Bioassay 


Seed was sterilized in a 1:1 dilution of commercial bleach 
in water plus alconox 0.1% for 20 min. in 125 mi Enlenm- 
eyer flasks and rinsed 3 times in sterile water and imbibed 
overnight in sterile water containing 50 mg/m! captan by 
shaking at 150 rpm. 


After imbibition, the solution was decanted from the - 
flasks and the seed transferred to flow boxes (Flow Labo- 
ratories) containing 3 sheets of H,O saturated germination 
paper. A fourth sheet of water saturated germination paper 
was placed on top of the seed. Seed was anowes to germi- 
nate 4 d. 


After the seed had germinated, approximately 1 cm.of the 
primary root tip was excised from each seedling and plated 
on MS salts, 20 g/l sucrose, 50 mg/l hygromycin, 0.25% 
Gelrite, and incubated in the dark at 26° C. for 4d. 


Roots were evaluated for the presence or absence of 
abundant root hairs and root branches. Roots were classified 
as transgenic (hygromycin resistant) if they had root hairs 
and root branches, and untransformed (hygromycin sensi- 
tive) if they had limited numbers of branches. The results are 
shown in Table 1. ; 


(B) Btiolated leaf bioassay 


After the root tips were excised as described above, the 
seedlings of one PHi car and one control ear were trans- 
ferred to moist vermiculite and grown in the dark for 5d. At 
this point 1 mm sections were cut from the tip of the 
coleoptile, surface sterilized 10 seconds, and plated on MS 
basal salts, 20 g/t sucrose, 2.5 g/l Gelrite with either 0 
(control) or 100 mg/l hygromycin and incubated in the dark 
at 26° C. for 18 hr. Each plate contained duplicate sections 
of each shoot. They were then incubated in a light regimen 
of 14 hours light 10 hours dark at 26° C. for 48 hr, and rated 
on.a scale of from 0 (all brown) to 6 (all green) for the 
percent of green color in the leaf tissue. Shoots were 
classified as untransformed (hygromycin sensitive) if they 
had a rating of zero and classified as transformed (hygro- 
mycin resistant) if they had a rating of 3 or greater. The 
results are shown in Table 1. 

‘(C) Southern Blots 


Seedling form the bioassays were transplanted to soil and 
are growing to sexual maturity, DNA was isolated from 0.8 
g of leaf tissue after about 3 weeks and probed with the HPT 
coding sequence as described previously. Plants with a 1.05 
Kb band present in the Southern blot were classified as 
transgenic. As shown in FIG. 5B, two out of seven progeny 
of PHi plant 3 were transgenic as were three out of eight 
progeny of PHI plant 10. The blot results correlated pre- 
cisely with data from the bioassays, confirming that the 
heterologous DNA was transmitted through one complete 
sexual life cycle. All data are summarized in Table 1. 


TABLE 1 


te UE TE RAL ESIC asitnateRT ISSN i AL TT ET I ee 


PH1 
- PLANT 


- ROOT 
ASSAY 


ANALYSIS OF PH1 R1 PLANTS 


LEAF 
ASSAY 


CONT. ROOT LEAF. 


BLOT PLANT ASSAY ASSAY. BLOT 
: ND + 4] = 
- ND - 42 ~ 
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TABLE 1-continued 
ANALYSIS OF PHI R} PLANTS 
PH} ROOT LEAF CONT. ROOT LEAF 
PLANT ASSAY ASSAY BLOT PLANT ASSAY ASSAY BLOT 
net 
33 = ND a 43 - ND ND 
3.4. - ND — 4.4 ~ ND ND 
35 - ND _ 4.5 _ ND ND 
3.6 + ND + 4.6 _ ND ND 
37 ~ ND _ 47 ~ ND ND 
2.1 _ ND - 
10.3 + + + 1.2 - ~ ~ 
10.2 + + + 1.2 _ - ND 
103 ~ - ND 13 _ _ ND 
10.4 _ - ~ 1.4 ae —_ ND 
10.5 _ ~ ~ tL ~ ~ ND 
10.6 _ ~ - 1.6 - - ND 
10.7 - ~ - 17 - _ ND 
10.8 ND + te 1.8 “ _ ND 


rrr rrp rvs mitts nnn 


KEY: + = wansgenic, — = nontransgenic, ND = not done 


' EXAMPLE Ii 


The procedure of Example ] was repeated with minor 
modifications. , 


I. Plant lines and tissue cultures 


The embryogenic maize callus line, AB12, was used as in 
Example I. The line had been initiated about 18 months 
before the aciual bombardment occurred. 


Il. Plasmids 


The plasmids pBI1221 and pHYGI) described in Example 
I] were used. 


Ti. DNA delivery process . 


Callus was bombarded exactly as in Example I except tha 
‘the DNA used in the tingsten/DNA preparations differed. 
All of the nubes contained 25 ul 50 mg/ml M-10 tungsten in 
water, 25 ul 25M CaCl., and 10 ul 100 mM spermidine free 
base along with a total of 5 ul 1 mg/ml total plasmid conteni. 
One tube contained only plasmid pB0221; two tubes con- 
tained only plasmid pHYGI1; and one mbe contained no 
plasmid but 5 ul TE-1 (10 mM Tris-HCl pH 8.0, 1 mM 
EDTA pH 8.0). 


The following bombardments were done: 


serra a a rr PCH TAS NTN 
2 x pBIIZ21 prep For transient expression 
7 x pHYGH prep Potential positive Deanment 
3x TE mep Negative control meamal 


vNSaEITTUEEeTOTTnTT Na eneemeementennennmesnmanememnammennnmaneememimisannesisa nae 


After all the bombardments were performed, the callus 
from the pBI[221 treatments was transferred plate for plate 
to F medium as five 50 mg pieces. After 2 d the callus was 
' placed into GUS assay buffer as per Example I. Numbers of 
transiently expressing cells were counted and found to be 
686 and 845 GUS positive cells, suggesting that the particle 


fe 


45 


delivery process had occurred in the other bombarded plates. 


IV. Selection of Transformed Callus 


After bombardment the callus from the pHYGI1 treat- 
ments.was placed onto round J selection plates, F medium 
containing ‘15 mg/] hygromycin, as ten 25 mg pieces per 
plate (different from Example I). The same was done for two 
of the plates bombarded with the TE preparation (selected 
control callus). One plate of callus bombarded with the TE 
preparation was placed onto F medium with no hygromycin; 
this callus was maintained throughout the ongoing experi- 


60 


65 


ment as a source of control tissue and was referred to as 
unselected control callus. 

After 13 d the callus on round | selection plates was 
indistinguishable from unselected control callus. All of the 
callus was transferred from round 1 selection plates to round 
2 selection plates containing 60 mg/l hygromycin. An 
approximate five fold expansion of the numbers of plates 
occurred. 


The callus on round 2 selection plates had increased 
substantially in weight after 23 d, but at this time appeared 
close to dead. All of the callus was transfered from round 2 | 
selection plates to round 3 selection plates containing 60 
g/l hygromycin. This transfer of all material from round 2 
to round 3 selection differs from Example 1 in which only 
viable sectors were transferred and the round 2 plates 
reserved. . 

At 58 d post-bombardment three live sectors were 
observed proliferating from the surrounding dead tissue. All 
three lines were from pHYGII treatments and were desig- 
nated 24C, 56A, and 55A. 

After 15 d on maintainance medium, growth of the lines 
was observed. The line 24C grew well whereas lines 55A 
and 5S6A grew more slowly. All three lines were transferred 
to F medium containing 60 mg/l hygromycin. Unselected 
control callus from maintenance was plated to F medium 
having 60 mg/l hygromycin. 

After 19 d on 60 mg/l hygromycin the growth of line 24C 
appeared to be entirely uninhibited, with the control show- 
ing approximately 80% of the weight gain of 24C. The line 
S6A was completely dead, and the line SSA was very close. 
The lines 24C and 55A were transferred again to F 60 mg/l 
hygromycin as was the control tissue. 

After 23 d on 60 me/l hygromycin the line 24C again 
appeared entirely uninhibited. The line 55A was completely 
dead, as was the negative control callus on its second 
exposure to to F 60 mg/l hygromycin. - 

At 88 d post-bombardment, a sector was observed pro- 
liferating among the surrounding dead tissue on the round 3 
selection plates. The callus was from a plate bombarded with 
pHYGII and was designated 13E. The callus was transferred 
to F medium and culmred for 19 d. Portions of the callus 
were then transferred to (i) F media containing 15 mg/l 
hygromycin and (ii) F media containing 60 me/l hygromy- 
cin. Control callus was plated on F media with 15 mg/l 
hygromycin. After 14 d of culture, the callus line 13E 
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appeared uninhibited on both levels of hygromycin. The 
control callus appeared to have about 80% of the weight gain 
of 13E. The callus lines were transferred to fresh media at 
the same respective levels of hygromycin. 


| V. Confirmation of Transformed Callus 


A Southem blot was prepared from DNA from the line 
24C. As shown in FIG, 6B, a band was observed for the line 
—24C at the expected size of 1.05 Kb showing thai the line 
-2AC contained the HPT coding sequence. No band was 
observed for DNA from contro! tissue. The name of the 
‘callus line 24C was changed to PH2. 


V1. Plant Regeneration and Production of Seed 


The line 24C along with unselected control callus were 
placed onto RM5 medium to regenerate plants as in 
Example I. After 16 d the callus was transferred to R5 
_ medium as in Example 1. 


EXAMPLE Hi 


‘The procedure of Example I was repeated exactly except 
that different plasmids were used. 

The plasmids pBI221 and pHYGI1 described in Example 
| were used as well as pMS533 which is a plasmid that 
contains the insecticidal Bacillus thuringiensis endotoxin 
- QT) gene fused in frame with the neomycin phosphotrans- 
ferase (NPTU) gene. 5’ of the fusion gene are located 
segments of DNA from the-CaMV 358 and nopaline syn- 
thase promoters. 3° from the fusion gene are segments of 
DNA derived from the .tomato protease inhibitor I gene and 
the poly A region of the nopaline synihase gene. 

Callus was bombarded exactly as in Example I except that 
the DNA used in the tungsten/DNA preparations differed. 
Two tubes contained plasmids pHYGI1 and pMS533 and 
one tube contained no plasmid but 5 ul TE-1 (10 mM 
Tris-HCl pH 8.0, 1 mM EDTA pH 8.0). 


The following bombardments were done: 


ceeereerr ian tareitiltt EARL CTL AN TT ETE STINE NN NEL 
§ x pHYGI}/pMS533 Potential positive treatment 
2x TE prep Control uraimeat 


enn perereinantneereieereinaerenernthtttthtteTe tate reeeT ARAN 


After bombardment the callus from the pHYGI1/pMS533 
‘treatments was placed onto round 1 selection plates, F 
medium containing 15 mg/l hygromycin, as ten 25 mg 
pieces per plate. The same was done for one of the plates 
‘bombarded with the TE preparation (selected control callus). 
One plate of callus bombarded with the TE preparation was 
placed onto F medium with no hygromycin; this callus was 
maintained throughout the ongoing experiment as a source 
of contro! tissue and was referred to as unselected control 
callus. — 

After. 12 d the callus on round | selection plates appeared 
to show about 90% of the weight gain of the unselected 
control callus. All of the callus was transferred from round 
1 selection plates to round 2 selection plates containing 60 
me/l hygromycin as ten 30 mg pieces per plate. 

After 22 d of selection on round 2 selection plates, the 
callus appeared completely uninhibited. All of the callus was 

- transferred from round 2 selection plates to round 3 selection 
plates containing 60 mg/l hygromycin. 

At 74 d post-bombardment a single viable sector was 
observed proliferating from the surrounding necrotic tissue. 
The callus line was from pHYGI1/pMS533 treated material 


ta 


S5 


22 
and was designated 86R. The callus line 86R was transferred 
to F medium 


After 24 d the callus line 86R had grown substantially. 
Portions of the callus were then transferred to (i) F media 
containing 15 mg/l hygromycin and (ii) F media containing 
60 mg/l hygromycin. Control callus was plated on F media 
with 15 mg/l hygromycin. * 

After 19 d of culture, the callus line 86R appeared to grow 
rapidly and was uninhibited on both levels of hygromycin. 
The contro] callus appeared to have only about 50% of the 
weight gain of 86R. The callus lines were transferred to fresh 
media at the same respective levels of hygromycin to further 
test the resistance of the callus line 86R to hygromycin. 


COMPARATIVE EXAMPLE A 


The basic procedures of Examples il have been 
attempted except varying the selection regime or the form of 
the callus. These other attempts, which are detailed in Table 
2 below, were not successful. Since they were not repeated 
several times, it is not known whether they can be made to 
work. In all of the procedures, no viable sectors were 
observed. In the Table, “Sieved”’ indicates that the callus was 
passed through an 860 micron sieve before bombardment; 
the selective agent was hygromycin for each case except 
when pMXTII was the plasmid and methotrexate the selec- 
tion agent. 


TABLE 2 


sanauererereererereverratns Pn rabararnrer—anateette heel nearer Haren Ara STEPPER TIALS meTN OAT nr TT 


Summary of Comparative Example A 


Round Round Round 


Recip. Recov. i 3 i z Round 2 

Tissue Plassnids Period . Level Period Level Pesiod 

eee rennet 

Cums pCHNi-l 13 60 23 & 81 
pBZ2} 

Clumps pCHN}i-1 14 100 2 _ — 
pBI221 

Clumps pHYGIH 8 60 19 30 132 
pai?) 

Clumps pCHN1-1 0 30 22 60 109 
pBIi221 

Clumps pMTXt 8 3 103 — — 
pBi22) 

Sieved  pCHNI-1 i3 _ — _ _ 
pBI2) 


nants aamneaianannnnenemnenimnnenmmmnmenmmmmmnatenimnnsamenaannmuammmecsnnaas namaste, 


What is claimed ts: | 

1. A process for producing a fertile transgenic Zea mays 
plant comprising the steps of (i) bombarding intact regen- 
erable Zea mays cells with DNA-coated microprojectiles, 
(ii) identifying or selecting a population of transformed 
celis, and (iii) regenerating a fertile transgenic plant there- 
from, wherein said DNA is transmitted through a complete 
sexual cycle of said transgenic plant to its progeny, and 
imparts herbicide resistance thereto. 

2. The process of claim 1 wherein the fertile transgenic 
Zea mays plant is regenerated from transformed embryo- 
genic lissue. 

3. The process of claim 1 wherein the cells are derived 
from immature embryos. | 

4. A process comprising obtaining progeny from a fertile 
transgenic plant obtained by the process of claim 1 which 
comprise said DNA. 

5. The process of claim 4 wherein said progeny are 
obtained by crossing said fertile transgenic plant with an 
inbred Jine. 

6. The process of claim 4 comprising obtaining seed from 
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said progeny and obtaining further progeny plants compris- 
ing said DNA from said seed. 

7. The process of claim 5 wherein the progeny obtained 
are crossed back to the inbred line, to obtain further progeny 
which comprise said DNA. 

8. The process of claim 6 wherein seeds are obtained from 
said further progeny plants and plants comprising said DNA 
are recovered from said seed. 

9. The process of claim 7 whercin said further progeny are 
crossed back to the inbred line to obiain progeny which 
comprise said DNA. 

10. A process for producing.a fertile transgenic Zea mays 
plant comprising the steps of (i) bombarding intact regen- 
erable Zea mays cells with DNA-coated microprojectiles, 
(ii) identifying or selecting a popuiation of transformed 
cells, and (iii) regenerating a fertile transgenic plant there- 


from, wherein said DNA is transmitted through a complete | 


sexual cycle of said transgenic plant to its progeny, wherein 
the DNA imparts insect resistance thereto. 

11. The process of claim 10 wherein the fertile transgenic 
Zea mays plant is regenerated from iransformed embryo- 
genic lissue. 


‘ 


tied 
Low) 


24 


12. The process of claim 10 wherein the cells are derived 
from immature embryos. 

13. A process comprising obtaining progeny froma fertile 
transgenic plant obtained by the process of claim 10, which 
comprise said DNA. 

14. The process of claim 13 wherein said progeny are 
obtained by crossing said fertile transgenic plant with an 
inbred line. | 

15. The process of claim 13 comprising obtaining seed 
from said progeny and obtaining further progeny plants 
comprising said DNA from said seed. 

16. The’ process of claim 14 wherein the progeny obtained 
are crossed back to the inbred line, to obtain further progeny 
which comprise said DNA. 

17. The process of claim 15 wherein seeds ate obtained 
from said further progeny plants and plants comprising said 
DNA are recovered from said secd. 

18. The process of claim 16 wherein said further progeny 
are crossed back to the inbred line to obtain progeny which 
comprise said DNA. 
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[57] ABSTRACT 


This invention involves a cloning or expression vector 
comprising a gene which encodes 5-enolpyruvylshiki- 
mate-3-phosphate synthese (EPSPS) polypeptide 
which, when expressed in a plant cell contains a chloro- 
plast transit peptide which allows the polypeptide, or an 
enzymatically active portion thereof, to be transported 
from the cytoplasm of the plant cell into a chloroplast in 
the plant ceil, and confers a substantial degree of gly- 
phosate resistance upon the plant cell and plants regen- 
erated thereirom. 


” World 


The EPSPS coding sequence may be ligated to a strong 
promoter, such as the 35S promoter from cauliflower 
mosaic virus, to create a chimeric gene. Such genes can 
be inserted into plant transformation vectors, and subse- 
quently introduced into plant cells. Plant cells trans- 
formed using such genes and plants regenerated there- 
from have been shown to exhibit a substantial degree of 
glyphosate resistance. 


59 Claims, 8 Drawing Sheets 
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2. CONTACT WITH LOW LEVEL OF GLYPHOSATE } 
AND CULTURE SURVIVING CELLS 2 
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4. SLOWLY INCREASE LEVEL OF GLYPHOSATE, ISOLATE § 
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6. CREATION OF cDNA § 
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REINER OATR RA Es ed Tae se eA 


4. PURIFY EPSPS 
PROTEIN; DETERMINE AMINO | 
ACID SEQUENCE 









5. CREATE RADIOACTIVE DNA 
PRGBES WHICH COULD ENCODE 
THE AMINO ACID SEQUENCE ee: 








8. USE PROBES TO ISOLATE A CLONING VECTOR § | 
ERTED FRAGMENT | 
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_PROMOTER, TO CREATE CHIMERIC GENE 
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1 GAATTCCCTCAATCTTTACTI TCAAGAAT GGCACAAATT AAC AACATGGCACAAGGGATA 
Met ALaGlaileAsnAsnMetAlaGI nGl yi le 


6t CAAACCCTTAATCCCAATICC AATTTCCATAAACCCCAAGTT CCTAAATCTTCAAGTT IT 
GlaThrlLeuAsnProAsnSer AsnPheHi sLysProGinVal ProLysSerSerSerPhe 


ey) CTIGTTTTIGGATCTAAAAAA CTGAAAAATTCAGCAAATTCT ATGTIGGTITTGAAAAAA 
LeuVal PheGl ySerLysLys LeulysAsnSerAl aAsnSer MetLeuValLeulyslys 


181 GATT CAATTITTAT GCAAAAG TTITGTTCCTITAGGATTICA GCATCAGTGGCTACAGCA 
AspSerliePheMet Gi nLys PheCysSerPheArgiteSer AlaSerVal Al aThrAla 


241 CAG 
Gln 


FIGURE 3 
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GAATTCCCTCAATCTITACTT TCAAGAATGGCACAAATTAAC AACATGGCTCAAGGGATA = & 
MetAlaGinalileAsnAsnMel Al aGinGlyile 


* 
_e 


61 CAAACCCTTAATCCCAATICC AATTTCCATAAACCCOCAAGTI COTAAATCTICAAGITT? 120 
-  GinThrLeudsnProAsnSer AsnPheHisLysProGinYal ProlysSerSerSerPhe 


121 CTIGTTTTIGGATCTAAAAAA CTGAAAAATTCAGCAAATICT ATGTIGGITTTGAAAAAA 618 
LeuValPheGl ySerlyslysLeulysasnSerAl aAsnSer HelLeuValleulyslys 


181 GATTCAATTTTTATGCAAAAGTTTTGTTCCTTTAGGATTTCAGCATCAGTGGCTACAGCA 86280 


AspSerlilePheNet Glalys PheCysSerPheArgiieSer AlaSerValaAlathrata 
j--->matare EPSPS 


24 CAGAAGCCTICTGAGATAGTG TTGCAACCCATTAAAGAGATT. TCAGGCACTGTTAAATTG 3 
-ee GinLysProSerGlulleYal LeuGinPrallebysGlulte SerGlythrvatlyslee 


3 COTGGCTCTAAATCATTATCT AATAGAATICTCCITCTIGCT GCCTTATCTGAAGGAACA = 
ProGlySerLysSerlLeuSer AsnArglielLeuLeuLeuAla AlaLeuSerGluGl ythe 


St ACTGIGGTIGACAATTTACTAAGTAGTGATGATATTCATTAC ATGCTTGGTGCCTIGAAA 4 
ThrValValAspAsaLeuLeuSerSerAspAspi! eHisTyr MetLeuGlyAlaleulys 


GACT GCATSTAGAS GAAGATAGTSCAAACCAACGAGCTGTITGTITGAAGGTTGT 86 
Ly uHi sVal Glu GiuAspSerAlaAsnGinArgAlaValVal GiuGl yCys 


481 GGTGGGCTTTTCCCTGTIGGT AAAGAGTCCAAGGAAGAAATI CAACTGTTCCTTGGAAAT = 
GlyGlyLeuPheProVal Gly LysGluSerbLysGluGlulie GinLeuPheleuGl yAsn 


S4} GCAGGAACASCAAT GOGGCCA CTAACAGCAGCAGTTACTGTA GCTGGTGGAAATTCAAGG ht 
AlaGlyThrAl aMetArgProLeuThrAlaAl aval Thr Val AlaGlyGl yAsnSerArg 


Gt TATGTACTIGATGGAGTTCCT CGAATGAGAGAGAGACCAATT AGTGATTTGCTTGATGGI 0 
TyrValLlevAspGlyVal ProArgMetArgGluArgProfie SerAspleuval AspGly 


GS CTTAAACAGCTIGGTGCAGAG GTTGATTGTITICCTIGGTACGAAATGTICCTCCTGTICGA =i 
LeuLysGinLleuGi yAlaGluValAspCysPheLeuGlyThr LysCysProProValArg 


TH ATTGTCAGCAAGGGAGGTCTT CCTGGAGGGAAGGTCAAGCTICTCTGGATCCATTAGCAGC |= 78 
LteValSertysGlyGlyLeuProGlyGlylys¥alLysleu SerGlySeriieserser 


Bl CAATACTIGACTGCTCIGCTT ATGGCTGCICCACTGGCTTTA GGAGATGT GGAGATTGAA R40 
GiaTyrLeuThrAlaleuleu MeL Al aAl aProleuAlaleu GlyAspVal GiulleGiu 


41 ATCATTGACAAACTAATTAGT GTACCTTATGTCGAGATGACATIGAAGTTGATGGAGCGA 900 
lletieAsplysteulleSer Val Protyr Val Giuset Thr Leutysleudet Gl uArg 


1 TTTGGTATTICTGTGGAGCAC AGTAGTAGCTGGGACAGGTICTITGTCCGAGGAGGTCAG = 
PheGlylleSerVal GluHis SerSerSeritrpAspArgPhe PheValArgGl yGlyGin 


H1 AAATACAAGTCTCCTGGAAAA GCTTTTGTCGAAGGIGATGCT TCAAGTGCTAGCTACTIC 1020 
LysTyrlysSerProGlylys AlaPheVal GlaGl yAspAlaSerSerAl asertyr Phe 


1021 TIGGCTIGGTGCAGCAGTCACA GGTGGAACTATCACTGTT GAA GGTT GTGGGACAAACAGT 1680 
LevAlaGlyAtadlaVal Thr GlyGlyThritetheVal Gie GlyCysGl yThrAsnser 


1081 TTACAGGGGGATGTCAAATTT GCTGAGGTACTIGAAAAAATG GGAGCTGAAGT TACGT GG 1140 
LeuGinGlyAspValLysPhe AlaGluValLeuGlulysMet GlyAlaGluValTactrp 


FIGURE 4a 
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41 ACAGAGAATAGTGTCACAGTC AAAGGACCICCAAGGAGTICTICTGGGAGGAAGCATITG iat 
ThrGhuAsnSerValThrVYal LysGlyProProdrgSer Ser Ser GlyArglysHi sleu 


1201 CGTGCCATIGATGIGAACATGAATAAAATGCCTGATIGTTGCCATGACACTIGCTGTTGTT = 1288 
ArgAlalleAspValAsnMet AsolysMeiProAspVal Ala Met ThrleuAlaVat val 


4281 GCACTTITATGCTGATGGTCCC ACAGCTATAAGAGATGTTGCT AGCTGGAGAGTCAAGGAA = 1320 
AlaleuTyrAlaAspGlyProThrAlableArgAspVal Ale SertrpArgvallysGlu 


21 ACTGAGCGCATGATCGCCATATGCACAGAACTTAGGAAGTTAGGAGCAACCGTTGAAGAA = 
ThrGluArgWetlieAlalieCysThrGluleuArglysteuGiyAlaFhrVal Gi uGiu 


4981 GGACCAGACTACTGCATAATCACCCCACCGGAGAAACTAAAT GTGACCGATATIGATACA 1440 
GlyProAsplyrCyslleiieThrProProGlulysleuAsnValThrAsplleaspihr 


1441 TACGATGATCACAGGAAT GCC ATGGCITTTTCTCTIGCTGCT IGTGCAGATGTTICCCGTC 1899 
Tyr ASpASpHi sArgAsnAlaHeltAlePheSerlLeuAlaAlaCysAl aAspVal Proval 


181 ACCATCAATGACCCTGGCTGC ACGCGGAAAACCTTCCCTAACTACTITGATGTACTICAG 1550 
'  ThrifeAsnAspProGlyCysThrArglysThrPheProAsnTyrPheAspValleuGin 


1561 CAGTACTCCAAGCATI GAACC GCTICCCTATATTGCAGAATGTAAGTAAGAATATGTGAA 1820 
GlaTyrSerlyshi stae ; 


1621 GAGTTTAGTTCTIGTACAAGA CAGGCTACGACTGCCTGGTAT CAGAACCACAATGGGTTC 1680 
1681 CATTICASTTCAGAAGGGCAT TCCAAGGCTTCGAACTCTTTACTTATTTGCGAGTGAIGA 1749 
741 AATGTATTTGTTAGAGTIGAGCTICTTTTTIGICTTTAAGGAATGTACACTAATAGAGTTAx 18H 
1861 AGRATTACTAGTATGGGCCAG T GTAAGGAGTACTATTACTCT TTGCTTATITTATTGATI 1860 
1884 SAGTITTGTCAAGGATCTGGC TITGTCAAGAATTACT GGITAATTTTATTGACAATCTCA 182 


1821 TGTGTCTABATGAAATIGITT GATAAAAAAAAAAARRAABRA RAAAAAAAAGGAATIC 1978 
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1 
GLYPHOSATE-RESISTANT PLANTS 


This application is a Continuation-in-Part of applica- 
tion, Ser. No. 792,390 filed Oct. 29, 1985, now aban- 
doned, which, m turn, is 2 Continuation-in-Part of appli- 
cation, Ser. No. 763,482, filed Aug. 7, 1985, now aban- 
doned. 


BACKGROUND OF THE INVENTION 


The present invention relates to the fields of genetic 
engineering, biochemistry, and plant biology. 

N-phosphonomethylglycine has the following struc- 
ture: 


O O 


7 


li i as 
HO—C—CHy—N-—-CH2—P 


OH 


This molecule is an acid, which can dissociate in aque- 
ous solution to form phytotoxicant anions. Several ani- 
onic forms are known. As used herein, the name “‘gly- 
_ phosate” refers to the acid and its anions. A mixture 
containing glyphosate as the active ingredient, formu- 
~ Jated as its isopropylamine salt, is sold as a herbicide by 
Monsanto Company under the trademark ROUN- 
DUP ®. Numerous other salts also bave herbicidal 
properties, as exemplified by U.S. Pat. No. 3,799,758 
| (Franz 1974) and various other patents. Compositions 
comprising N-phosphonomethylglycine and salt-form- 
ing cations which increase the solubility of the N-phos- 
phonomethylglycine in water are preferred. 

Those skilled in the art recognize that the scientific 
literature contains numerous papers suggesting several 
modes of action for inhibition of plant growth by gly- 
phosate. One proposed mode suggests that glyphosate 
inhibits an enzyme called 5-enolpyruvyishikimate-3- 
phosphate synthase (EPSPS); see, €.g., Amrhein 1980, 
Steinrucken 1980, Mousdale 1984, and Rubin 1982 
(note: a complete list of references is contained below, 
after the Examples). The EPSPS enzyme reportedly 
catalyzes the conversion of shikimate-3-phosphate into 
5-enolpyruvyl-shikimate-3-phosphate, an intermediate 
in the biochemical pathway for creating three essential 
aromatic amino acids (tyrosine, phenylalanine, and 
tryptophan); see, e.g, Mousdale 1984. Rogers 1983 
reports that overproduction of EPSPS in E. coli con- 
tributes to glyphosate resistance in those cells. 

At least one researcher has attempted to create gly- 
phosate-resistant bacterial cells by manipulating a bacte- 
rial gene which encodes an EPSPS enzyme. As de- 
scribed in U.S. Pat. No. 4,535,060 (Comai; assigned to 
Calgene, Inc.; filing date Jan. 5, 1983) and in Comai 
1983, a culture of Salmonella bacteria was contacted 
with a mutagen (ethyl methanesulfonate). The bacteria 
were screened for glyphosate resistance, and a rela- 
tively resistant culture was selected. This culture was 


20 


40 


45 


analyzed, and determined to have a mutant form of 60 


EPSPS with a substituted amino acid, as reported in 
Stalker 1985. U.S. Pat. No. 4,535,060 suggested that the 
mutant EPSPS gene could be inserted into plant cells to 
create glyphosate-resistant (Gly) plant cells. In addi- 
tion, it has been reported that glyphosate tolerant plant 
cells can be selected which overproduce EPSPS in the 
presence of low levels of glyphosate (Nafziger et al, 
1984 and Smart et al, 1985). However, none of the ex- 


2 


periments have demonstrated that such a method would 
be efficacious in differentiated plants. 

After the filing date of U.S. Pat. No. 4,535,060, meth- 
ods and vectors were described which could-be used to 
insert foreign genes into plant cells (See, €.g., Fraley 
1983, Herrera-Estrella 1983, Bevan 1983, and PCT ap- 
plications WO No. 84/02919 and 02920). In PCT appli- 
cation WO No. 84/02913, methods were also described 
for creating chimeric genes having bacterial EPSPS 
coding sequences controlled by regulatory sequences 
derived from genes which are active in plant cells. 
Using these vectors and methodology, bacterial genes 
such as the mutant Salmonella EPSPS gene mentioned 
above can be manipulated and expressed in plant cells. . 

The object of this invention is to provide a method of 
genetically transforming plant cells which causes the 
cells and plants regenerated therefrom to become resis- 
tant to glyphosate and the herbicidal salts thereof. 


SUMMARY OF THE INVENTION 


This invention involves a cloning or expression vec- 
tor comprising a gene which encodes 5-enolpyruvyl- 
shikimate-3-phosphate synthase (EPSPS) polypeptide 
which, when expressed in a plant cell contains a chloro- 
plast transit peptide which allows the polypeptide, or an 
enzymatically active portion thereof, to be transported 
from the cytoplasm of the plant cell into a chloroplast in 
the plant cell, and confers a substantial degree of gly- 
phosate resistance upon the plant cell and plants regen- 
erated therefrom. 

The EPSPS coding sequence may be ligated to a 
strong promoter, such as the 355 promoter from cauli- 
flower mosaic virus, to create a chimeric gene. Such 
genes can be inserted into plant transformation vectors, 
and subsequently introduced into plant cells. Plant cells 
transformed using such genes and plants regenerated 
therefrom have been shown to exhibit a substantial 
degree of glyphosate resistance. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 depicts the major steps used in one preferred 
embodiment of this invention. 

FIG. 2 depicts the creation of plasmid pMONS546, 2 
plant transformation vector which contains a chimeric 
CaMV/EPSPS gene. It also depicts the structure of 
pGV3111-SE, a disarmed Ti plasmid with vir genes 
which help insert the CaMV/EPSPS gene from 
pMONS546 into plant chromosomes. 

FIG. 3 indicates the DNA sequence and the amino 
acid sequence of the chloroplast transit peptide from the 
petunia EPSPS gene and enzyme. 

FIGS. 4a and 44 shows the nucleotide, amino acid 
sequence and restriction map for the full-length cDNA 
of petunia EPSPS. 

FIG. 5 shows the plasmid map for pMON316. 

FIG. 6 shows the restriction maps for the EPSPS 
gene of Petunia and Arabidopsis. 

FIG. 7 shows the plasmid map for pMON9721. 


DETAILED DESCRIPTION OF THE 
INVENTION 


The present invention embraces a cloning or expres- 
sion vector which contains a gene which encodes a 
form of EPSPS which can effectively confer glypho- 
sate resistance (Gly®) on plant cells and plants regener- 
ated therefrom. The EPSPS gene encodes a polypep- 
tide which contains a chloroplast transit peptide (CTP), 
which enables the EPSPS polypeptide (or an active 
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portion: thereof). to be transported into a chloroplast 
- inside the plant cell. Suitable plants for the practice of 
the present invention include, but are not limited to, 
soybean, cotton, alfalfa, canola, flax, tomato, sugar beet, 
- sunflower, potato, sQUaCe) corm, wheat, rice and let- 
tuce. 

Those skilled in the art recognize that the scientific 
literature contains numerous papers stating that EPSPS 
activity (shikimic acid pathway) is present both in the 
- chloroplast and in the cytoplasm. Indeed, prior to the 
present invention it was unknown whether the cloned 
EPSPS would be needed in the cytoplasm or chloro- 
plasts in order to confer glyphosate resistance. Contrary 
the teaching of U.S. Pat. No. 4,535,060 it has now been 
found that the EPSPS gene should contain a chloroplast 
transit peptide. While chloroplasts contain DNA which 
is believed to be expressed in polypeptides within the 
chloroplasts, the EPSPS polypeptide is encoded by 
-chromosomal DNA rather than chloroplast DNA. The 
EPSPS gene is transcribed into mRNA in the nucleus 
and the mRNA is translated into a precusor polypeptide 
_ (CTP/mature EPSPS) in the cytoplasm. The precusor 
polypeptide (or a portion thereof) is transported into the 
chloroplast. 

Promoters which are known or found to canse tran- 
scription of the EPSPS gene in plant cells can be used in 
the present invention. Such promoters may be obtained 
from plants or viruses and include, but are not necessar- 
ily limited to, the 35S and 19S promoters of cauliflower 
mosaic virus and promoters isolated from plant genes 
such as EPSPS, ssRUBISCO genes and promoters ab- 
tained from T-DNA genes of Agrobacterium tumefaciens 
such as nopaline and mannopine synthases. The particu- 
lar promoter selected should be capable of causing suffi- 
cient expression to result in the production of an effec- 
tive amount of EPSPS polypeptide to render the plant 
cells and plants regenerated therefrom substantially 
resistant to glyphosate. Those skilled in the art will 
recognize that the amount of EPSPS polypeptide 
needed to induce resistance may vary with the type of 
plant. The degree of expression needed may vary with 
the EPSPS coding sequence used. A mutant EPSPS 
may require lower expression than a less-tolerant wild- 
type EPSPS sequence. 

The CaMV 35S promoter is stronger than the natural 
EPSPS promoter in at least some types of plants, Le. it 
causes the formation of larger quantities of mRNA from 
chimeric genes compared to the natural EPSPS pro- 
moter. The high strength of the chimeric CaMV 
35S/EPSPS gene is of great value in using the EPSPS 
gene as a selectable marker in the laboratory. However, 
when a chimeric gene is used to transform regenerated 
plants for food production, the level of production of 
EPSPS enzyme may be undesirably high, since it di- 
verts nucleotides, amino acids, and substrates away 
from other desired biochemical pathways in the cells. 
Therefore, to create a chimeric gene with the optimal 
level af expression of EPSPS it may be desirable to 
diminish the strength. of the chimeric CaMV 
35S/EPSPS gene. This can be done by various methods 
such as (1) random or site-specific mutagenesis of the 
region prior to the transcription start site; (2) insertion 
of a transcription terminator in the 5’ non-translated 
region of the gene; (3) insertion of a spurious start 
codon in front of the EPSPS start codon; or (4) inser- 
tion of a coding sequence with a start codon and a stop 
codon in front of the EPSPS start codon, to create a 
dicistronic coding sequence. 


Fae: 
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The promoters used in the EPSPS genes of this in- 
vention may be further modified if desired to alter their 
expression characteristics. For example, the CaMV 35S 
promoter may be ligated to the portion of the ssRU- 
BISCO gene which represses the expression of ssRU- 
BISCO in the absence of light, to create a promoter 
which is active in leaves but not in roots. The resulting 
chimeric promoter may be used as described herein. As 
used herein, the phrase “CaMV 35S” promoter includes 
variations of CaMV 358 promoter, eg., promoters de- 
rived by means of ligation with operator regions, ran- 
dom or controlled mutagenesis, etc. 

The RNA produced by the EPSPS gene also contains 
a 5' non-translated leader sequence. This sequence may 
be derived from any gene and may be specifically modi- 
fied so as to increase translation of the mRNA. The 5’ 
non-translated ‘regions may be derived from viral 
RNAs, other suitable eukaryotic genes or a synthetic 
gene sequence. It may be part of the 5’ end of the non- 
translated region of the coding sequence for the EPSPS 
polypeptide or derived from an unrelated promoter or 
coding sequence as discussed above. 

The EPSPS gene of the present invention encodes an 
CYIP/EPSPS  fusion~ polypeptide. After the 
CTP/EPSPS polypeptide from a gene of this nvention 
is translated from mRNA in the cytoplasm of the trans- 
formed plant cell, it is believed to be processed in the 
same. manner as the natural EPSPS polypeptide. The 
CTP leader sequence causes the polypeptide to be im- 
ported into chloroplasts, and the CTP leader sequence 
encoded by the plant-derived EPSPS gene is believed 
to be removed from the remainder of the polypeptide so 
that an active portion of the EPSPS polypeptide exists 
and functions inside the chloroplast. 

Suitable CTP's for use m the present invention may 
be obtained from various sources. Most preferably, the 
CTP is obtained from the endogenous EPSPS gene of 
the subject plant to the transformed. Alternately, one 
may often use a CIP from an EPSPS gene of another 
plant. Although there is little homology between the 
CTP sequences of the EPSPS gene and the ssRU- 
BISCO gene (see, e.g., Broglie (1983), one may find that 
non-homologous CTPs may fimction in particular em- 
bodiments. Suitable CTP sequences for use in the pres- 
ent invention can be easily determined by assaying the 
chloroplast uptake of an EPSPS polypeptide compris- 
ing the CTP of interest as described in Example 18 
hereinafter. 

The sequence encoding a EPSPS polypeptide can be 
obtained from numerous sources. Suitable sources in- 
clude bacteria, fungi and plants. EPSPS coding sequen- 
ces from other sources can be obtaited using the full- 
length petunia cDNA (see FIG. 4) or a suitable frag- 
ment thereof as a hybridization probe as described in 
Examples 1 and 14—17. 

All peptide structures represented in the following 
description are shown in conventional format wherein 
the amino group at the N-terminus appears to the left 
and the carboxyl group at the C-terminus at the right. 
Likewise, amino acid nomenclature for the naturally 
occurring amino acids found in protein is as follows: 
alanine (Ala:A), asparagine (Asn;N), aspartic acid 
(Asp;D), arginine (Arg;R), cysteine (Cys;C), glutamic 
acid (Glu;E), glutamine (Gin;Q), glycine (Gly;G), histi- 
dine (His;H), isoleucine (He;I), leucine (Leu;L), lysine 
(Lys;K), methionine (Met;M), phenylalanine (Phe;F), 
proline (Pro;P), serine (Ser;S), threonine (Thr;T), tryp- 
tophan (Trp;W), tyrosine (Tyr;Y), and valine (Val; V). 
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Those skilled in the art will recognize that mutant and 
variant forms of EPSPS may be made by a variety of 
processes. For example, cloning or expression vectors 
may be mutagenized to alter one or more amino acid 
residues in a EPSPS protein. This may be done on a 
random basis (e.g., by subjecting the host cells to muta- 
genic agents such as X-rays, ultra-violet light, or vari- 
ous chemicals), or by means involving an exact pre- 
dicted substitution of bases in a DNA sequence. Alter- 
nately, one may select for a microbial source such as 
bacteria and fungi or a plant source having a mutant 
EPSPS exhibiting increased resistance to glyphosate. 

The 3’ non-translated region contains a polyadenyla- 


. tion signal which functions in plants to cause the addi- © 


tion of polyadenylate nucleotides to the 3’ end of the | 


EPSPS mRNA. In cases where the EPSPS sequence is 
derived from a plant source one can use the 3’ non-tran- 
slated region naturally associated with the particular 
EPSPS gene. Examples of other suitable 3‘ regions are 
the 3’ transcribed, non-translated regions containing the 
polyadenylation signal of the nopaline synthase (NOS) 
_gene of the Agrobacterium tumor-inducing (Ti) plasmid 
or the conglycinin (7S) storage protein gene. | 
The EPSPS gene of the present invention is inserted 
into the genome of a plant by any suitable method. 
_ Suitable. plant transformation vectors include those 
derived from a Ti plasmid of Agrobacterium tumefaciens 
as well as those described in, e.g. Herrera-Estrella 1983, 


Bevan 1983, Klee 1985 and EPO publication 120,516. 


(Schilperoort et al.). In addition to plant transformation 
vectors derived from the Ti or rootinducmg (Ri) plas- 
mids of Agrobacterium, alternative methods can be 
used to insert the EPSPS genes of this invention into 
plant cells. Such methods may involve, for example, 
liposomes, electroporation, chemicals which increase 
free DNA uptake, and the use of viruses or pollen as 
vectors. If desired, more than one EPSPS gene may be 
inserted into the chromosomes of a plant, by methods 
such as repeating the transformation and selection cycle 
more than once. 

EPSPS genes which encode an enzyme with a func- 
tional chloroplast transit peptide (which is preferably 
removed from the mature EPSPS polypeptide) also 
provide useful selectable marker genes for plant cell 
transformation, when transformed and untransformed 
cells are contacted with appropriate concentrations of 
glyphosate (which can be routinely determined for any 
type of plant). The conferrable trait of glyphosate resis- 
tance may be particularly useful with certain types of 
plants (such as alfalfa, soybean, and other legumes) 
which do not exhibit clear selectability usmg other 
selectable marker genes (such as kanamycin, methotrex- 
ate, or hygromycin resistance genes). 

In addition, glyphosate-resistant plant cells that have 
been transformed with EPSPS genes can be regener- 
ated into differentiated plants using standard nutrient 
media supplemented with selected shoot-inducing or 
root-inducing hormones, using methods described in 
PCT WO No. 084/02920 or other methods known to 
those skilled in the art. 

As used herein, a EPSPS gene “confers a substantial 
degree of glyphosate resistance upon a plant cell” if it 
allows a selectable fraction of a culture of transformed 
plant cells to survive a concentration of glyphosate 
which kills essentially all untransformed cells from the 
same type of plant under the same conditons. 

As used herein, a “cloning or expression vector’ 
refers to a DNA or RNA molecule that is capable of 
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replicating in one or more types of microbial cells. Vec- 
tors include plasmids, cosmids, viral DNA or RNA, 
minichromosomes, etc. 

As used herein, “replicated from” includes indirect 
replication (e. g., replication of intermediate vectors), as 
well as replication directly from plant DNA or mRNA. 
It also includes DNA that is synthesized (e. g., by the 
method of Adams 1983) using a sequence of bases that is 
published or determined experimentally. 

The following examples further demonstrate several 
preferred embodiments of this invention. Those skilled 
in the art will recognize numerous equivalents to the 
specific embodiments described herein. Such equiva- 
lents are intended to be within the scope of the claims. 


EXAMPLES 
' Example 1: Creation of EPSPS Vectors 
A. Creation of MP4-G Cell Line 


The starting cell line, designated as the MP4 line, was 
derived from a Mitchell diploid petunia (see, ¢.g., Ausu- 
bel 1980). The MP4 cells were suspended in Murashige 
and Skoog (MS) culture media, (GIBCO, Grand Island, 
N.Y.) All transfer involved the transfer of 10 mi of 
suspension culture into 50 mil of fresh media. Cultivation 
periods until the next transfer ranged from 10 to 14 
days, and were based on visual indications that the 
culture was approaching saturation. 

Approximately 10 ml of saturated suspension culture 
(containing about 5X 10° cells were transferred into 50 
ml of MS media containing 0.5 mM glyphosate (Mon- 
santo Agric. Products Co., St. Louis, Mo.). The sodium 
salt of glyphosate was used throughout the experiments 
described herein. The large majority of cells were un- 
able to reproduce in the presence of the glyphosate. The 
cells which survived (estimated to be less than 1% of 
the starting population) were cultured in 0.5 mM gly- 
phosate and transferred to fresh media containing gly- 
phosate every 10 to 14 days. 

After two transfers, the surviving cells were trans- 
ferred into fresh media containing 1.0 mM glyphosate. 
After two transfers at 1.0 mM, the surviving cells were 
transferred sequentially into 2.5 mM glyphosate, 5.0 
mM glyphosate, and 10 mM glyphosate. 

The MP4-G cells were subsequently shown (by a 
Southern blot} to have about 15-20 copies of the 
EPSPS gene, due to a genetic process called “gene 
amplification” (see, e¢.g-, Schimke 1982). Although 
spontaneous mutations might have occurred during the 
replication of any cell, there is no indication that any 
mutation or other modification of the EPSPS gene 
occurred during the gene amplification process. The 
only known difference between the MP4 and the 
MP4-G cells is that the MP4-G cells contain multiple 
copies of an EPSPS gene and possibly other genes lo- 
cated near it on the chromosomes of the cells. 


B. Purification and Sequencing of EPSPS Enzyme 


Petunia cells from the MP4-G cell line were har- 
vested by vacuum filtration, frozen under liquid N2, and 
ground to a powder in a Waring blender. The powder 
was suspended into 0.2M tris-HCl, pH 7.8, containing 1 
mM EDTA and 7.5% w/v polyvinyl-polypyrrolidone. 
The suspension was centrifuged at about 20,000 G for 
LO min to remove cell debris. Nucleic acids were precip- 
itated from the supernatant by addition of 0.1 volume of 
1.4% protamine sulfate and discarded. 
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The crude protein suspension was purified by five 
sequential steps (see Mousdale 1984 and Stemrucken 
1985) which involved: (1) ammonium sulfate precipita- 
tion; (2) diethylamimoethyl cellulose ion exchange chro- 
matography; (3) hydroxyapatite chromatography; (4) 
sizing on a phenylagarose gel; and (5) sizing on a Se- 

phacryl S-200 gel. 
The purified EPSPS polypeptide was degraded into a 
series of individual amino acids by Edman degradation 
-by a Model 470A Protein Sequencer (Applied Biosys- 
tems Inc.; Foster City, Calif.), using the methods de- 
scribed in Hunkapiller 1983a. Each amino acid deriva- 
tive was analyzed by reverse phase high performance 
liquid chromatography, as described by Hunkapiller 
1983b, using a cyanopropy! column with over 22,000 


8 
dT cellulose chromatography. The yield of poly-A 
RNA was 1.1 micrograms (1g) per gram of MP4 cells 
and 2.5 pg/gm of MP4-G cells. 


(b) Gel Processing of RNA 


Ten zg of poly-A RNA from the MP4 or MP4-G cell 
lines was precipitated with ethanol and resuspended in 
1X MOPS buffer (20 mM morpholino propane sulfonic 
acid, pH 7.0, 5 mM sodium acetate and 1 mM EDTA, 
pH 8.0) containing 50% formamide and 2.2M formalde- 
hyde. RNA was denatured by heating at 65° C. for 10 
min. One-fifth volume of a loading buffer containing 


' 50% glycerol, 1 mM EDTA, 0.4% bromophenol blue 


theoretical plates (IBM Instruments, Wallingford - 


Conn.). A partial amino acid sequence for petunia 
EPSPS is shown in Table |. 


TABLE 1 
PETUNIA EPSPS SEQUENCES 
8 9 iO i} 12 

Amino acid: Gln Pro Ile Lys Glu 
mRNA strand: S-CAP CCN AUU GAP CAP 

Cc 

A 
Complementary 37-GTQ GGN TAA TTQ CYQ 
DNA strand: G 

u 
Synthetic DNA Probes: 
EPSP}: 3-GTQ GGP TAP TIQ CTQ 
EPSP2: 3-GTQ GGQ TAP. TTQ CTQ 
EPSP3: GTQ GGN TAT TTQ CTQ 
Exact mRNA Sequence: S-CAA CCC AUU AAA GAG 


C. Synthesis of Probes 


‘ 5 é - 2 
Using the genetic code, the amino acid sequence 


indicated in Table 1 was used to determine the possible 
DNA codons which are capable of coding for each 
indicated amino acid. Using this information, three dif- 
ferent probe mixtures were created and designated as 
EPSP-1, EPSP-2, and EPSP-3, as shown in Table 1. In 
this table, A, T, U, C, and G represent the nucleotide 
bases: adenine, thymine, uracil, cytosine and guanine 
The letters P, Q, and N are variables; N represents any 
of the bases; P represents purines (A or G); Q represents 
pyrimidines (U, T, or C). 

All oligonucleotides were synthesized by the method 
of Adams 1983. Whenever an indeterminate nucleotide 
position (P, Q, or N) was reached, a mixture of appro- 
priate nucleotides was added to the reaction mixture. 


Probes were labeled 20 pmol at a time shortly before use ~ 


with 100 uCt y[32P]-ATP (Amersham) and 10 units of 
polynucleotide kinase in 50 mM Tris-HCl, pH 7.5, 10 
mM MgCh, 5mM DTT, 0.1 mM EDTA, and 0.1 mM 
-spermidine. After incubation for 1 hr at 37° C., the 
probes were repurified on either a 20% acrylamide, 8M 

urea gel or by passage over 2 5 ml column of Sephadex 
' G25 in 0.IM NaCl, 10 mM Tris-HCl, pH 7.5, 1 mM 
EDTA. . 


D. Preparation of mRNA and Preliminary Testing of 
Probes 


(a) Poly-A mRNA 
Total RNA was isolated from the MP4 (glyphosate 
sensitive) and MP4-G (glyphosate resistant) cell lines as 
described by Goldberg 1981. Total RNA was further 


sedimented through a CsCl cushion as described by 
_Depicker 1982. Poly-A mRNA was selected by oligo- 


45 


and 0.4% xylene cyanol was then added. RNA was 
fractionated on a 1.3% agarose gel containing 1.1M 
formaldehyde until bromophenol blue was near the 
bottom. Haelfl-digested ®X174 DNA, labelled with 
32P, was run as a size standard. The DNA markers 


indicated approximate sizes for the RNA bands. 


_ (c) Transfer of RNA to Nitrocellulose 


RNA was transferred to nitrocellulose (#BA85, 
Schleicher & Schuell, Keene, N.H.) by blotting the gels 
overnight using 20XSSC (1XSSC is 0.15 M NaCl, 
0.015 M sodium citrate, pH 7.0) as the transfer buffer. 
After transfer, filters were air-dried and baked in a vac- 
uum oven for 2--3 hrs at 80° C. 


(d) Preliminary Hybridization with Radioactive Probes 


Filters were prehybridized in 6XSSC, 10 Den- 
hardt’s solution (1X Denhardt’s solution is 0.02% ficoll, 
0.02% polyvinylpyrrolidone, 0.02% bovine serum albu- 
min), 0.5% NP-40, and 200 pg/ml £ coli transfer RNA 
at 50° C. for 4 hrs. Hybridization was carried out in the 
fresh solution containing 210° cpm/ml of either 
EPSP-1 or EPSP-2 probe for 48 hrs at 32° C. The 
EPSP-3 probe was not tested since it contained a codon 
(ATA) that is rarely used in the petunia genome. Hy- 
bridization temperature (32° C.) used in each case was 
10° C. below the dissociation temperature (Td) calcu- 
lated for the oligonucleotide with the lowest GC con- 
tent in a mixture. The Td of the probe was approxi- 
mated by the formula 2° C.x(A+T)+4 C.X(G+4+0C). 


(e) Filter Washing 


The filters were washed twice for 15-20 min at room 
temperature in 6SSC and then for 5 min at 37° C. with 
gentle shaking. Filters were then wrapped in plastic fim 
and autoradiographed for 12-14 hrs at —70° C. with 
two intensifying screens. The filters were then washed 
again for 5 min with gentle shaking at a temperature 5° 
C. higher than previously used. The filters were au- 
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toradiographed again for 12-14 hrs) The autoradio- 
graphs indicated that the probe EPSP-1 hybridized to 
an RNA of approzimately 1.9 kb in the lane containing 
the poly-A RNA from the MP4-G cell hme. No hybridi- 
zation to this RNA was detected in the lane containing 
the poly-A RNA from the MP4 cell line. This result was 
attributed to overproduction of EPSPS mRNA by the 
MP4-G cell line. The probe EPSP-2, which differs from 
EPSP-1 by a single nucleotide, showed barely detect- 
able hybridization to strongly to a 1.0 kb mRNA from 
both cell lines. the 1.9 kb mRNA of the MP4-G cell line 
but hybridized However, the 1.0kb DNA was not suffi- 
cient ‘to encode a polypeptide of 50,000 daltons, and it is 
believed that one of the sequences in the EPSP-2 probe 
hybridized to an entirely different sequence in the li- 
brary. These results suggested that degenerate probe 
mixture EPSP-1 contained the correct sequence for 
EPSPS. This mixture was used in all subsequent degen- 
erate probe hybridization experiments. 


E. Preparation of Agt 10 cDNA library 
{a) Materials Used 


- AMY ceverse transcriptase was purchased from 
Seikagaku America, Inc., St. Petersburg, Fla; the large 
fragment of DNA polymerase I (Klenow polymerase) 
was from New England Nuclear, Boston, Mass.; $1 
- nuclease and tRNA were from Sigma; AcA 34 column 
bed resin was from.LKB, Gaithersburg, Md.; EcoRI, 
EcoRI methylase and EcoRI linkers were from New 
Eugland Biolabs, Beverly Mass.; RNasin (ribonuclease 
inhibitor) was from Promega Biotech, Madison, Wisc. 
and.all radioactive compounds were from Amersham, 
Arlington Hts., I. 

The AgtlO vector (ATCC No. 40179) and associated 
E. coli cell limes were supplied by Thanh Huynh and 
Ronald Davis at Stanford University Medical School 
(see Huynh 1985). This vector bas three important char- 
acteristics: (1) it has a unique EcoRI insertion site, 


0 


— 


b 


which avoids the need to remove a center portion of 4 


DNA from the phage DNA before inserting new DNA; 
(2) DNA ranging in size from zero to about 3,000 bases 
can be cloned using this vector; and, (3) a library can be 
processed using E. coli MA150 cells (ATCC No. 53104) 
to remove clones which do not have DNA inserts. 


(0) CDNA First Strand Synthesis 


Poly-A MRNA was prepared as described in Exam- 
ple 1.D.a, and resuspended in 50 mM Tris (pH 8.5), 10 
mM MgeCh, 4 mM DTT, 40 mM KCl, 500 pM of 
G(AGCT)TP, 10 pg/ml dTi2 1g primer, and 27.5 
units/ml RNasin. In a 120 pl reaction volume, 70 units 
reverse transcriptase were added per 5 pg of poly-A 
RNA. One reaction tube contained a-?P-dCTP (5 
uCi/120 pl reaction) to allow monitoring of cDNA size 
and yield and to provide a first strand label to monitor 
later reactions. In order to disrupt mRNA secondary 
structure, MRNA in H2O was incubated at 70° C. for 3 
min and the tube was chilled on ice. Reverse transcrip- 
tase was added and the cDNA synthesis was carried ont 
at 42° C. for 60 min. The reaction was terminated by the 
addition of EDTA to 50 mM. cDNA yield was moni- 
tored by TCA precipitations of samples removed at the 
start of the reaction and after 60 min. Following cDNA 
synthesis, the cDNA existed as a cDNA-RNA hybnd. 
The cDNA-RNA hybrid was denatured by heating the 
mixture in a boiling water bath for 1.5 mm, and cooled 
on ice. 


45 


30 


60 


10 


(c) Second Strand DNA Synthesis 


Single-stranded cDNA was allowed to self-prime for 
second strand synthesis. Both Kienow polymerase and 
reverse transcriptase were used to convert ss cDNA to 
ds cDNA. Klenow polymerase is employed first since 
its 3’-5’ exonuclease repair function is believed to be 
able to digest non-flush DNA ends generated by self- 
priming and can then extend these flush ends with its 
polymerase activity. Reverse transcriptase is used in 
addition to Klenow polymerase, because reverse tran- 
scriptase is believed to be less likely to stop prematurely 
once it has bound to a template strand. The Klenow 
polymerase reaction was in a final 100 2] volume ex- 
cluding enzyme. The reaction mix included 50 mM 
HEPES, pH 6.9, 10 mM MgCh, 50 mM KCI, 500 pM of 
each dGNTP and cDNA. To begin the reaction, 20 to 40 
units of Klenow polymerase (usually less than 5 j1) 
were added and the tubes incubated at 15° C. for 5 hrs. 
The reaction was terminated by the addition of EDTA 
to 50 mM. The mix was extracted with phenol and the 
nucleic acids were precipitated, centrifuged and dried. 

The reverse transcriptase reaction to further extend 
the anti-complementary DNA strand was performed as 
described for the reaction to originally synthesize 
cDNA, except dTi0-13 primer and RNasin were absent, 
aud 32 units of reverse transcriptase were used in a 120 
pl reaction. The reaction was terminated by the addi- 
tion of EDTA to 50 mM. The mixture was extracted 
with an equal volume of phenol and the nucleic acid 
Was precipitated, centrifuged and dred. 


(d} S1 Nuclease Treatment 


200 jl of 2x Slbuffer (1X51 buffer is 30 mM sodium 
acetate, pH 4.4, 250 mM NaCl, 1 mM ZnCiz), 175 pl of 
HO and 525 units of S1 nuclease were added to the 
tubes containing 125 j11 of the second strand synthesis 
reaction product. The tubes were incubated at 37° C. 
for 30 min and the reaction was terminated by addition 
of EDTA to 50 mM. The mixture was extracted with an 
equal volume of phenol/chloroform (1:1). The aqueous 
phase was extracted with ether to remove residual phe- 
noL The DNA was precipitated with ethanol and air 
dried. 


(e) EcoRI Methylation Reaction 


Since the ds cDNAs were copied from a large variety 
of mRNAs, many of the ds cDNAs probably contained 
internal EcoRI restriction sites. It was desired to pro- 
tect such cleavage sites from EcoRI cleavage, to enable 
the use of blunt-ended EcoRI linkers which were subse- 
quently cleaved with EcoRI to create cohesive over- 
hangs at the termini. 

In an effort to prevent the undesired cleavage of 
internal EcoRI sites, the ds cDNA was methylated 
using EcoRI methylase. DNA pellets were dissolved in 
40 pl of 50 mM Tris pH 7.5, 1 mM EDTA, 5 mM DTT. 
Four pl of 100 pM S-adenosyl-L-methionine and 2 pl 
(80 units) of EcoRI methylase were added. Tubes were 
incubated at 37° C. for 15 min and then at 70° C. for 10 
minutes to kill the methylase. 

It was subsequently discovered that the methylation 
reaction described below was unsuccessful in prevent- 
ing EcoRI cleavage at an internal site within the EPSPS 
coding region, apparently because of inactive methylase 
reagent. The cleavage of the internal EcoRI site re- 
quired additional steps to isolate a full-length cDNA, as 
described below. To avoid those additional steps if 
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another library is created, the methylation reagents and 
reaction conditions should be used simultaneously on 
the cDNA and on control fragments of DNA, and pro- 
tection of the control fragments should be confirmed by 


EcoRI digestion before digestion is performed on the 
- cDNA. 


(f} DNA Polymerase | Fill-In Reaction 


To the tube containing 45 pl of cDNA (prepared as 
described above) were added 5 pl of 0.1 M MgCl, 5 pl 
of 0.2 mM d(ACGT)TP and 10 units of DNA polymer- 
ase I. The tube was incubated at room temperature for 

‘10 min. The reaction was terminated by the addition of 
EDTA to 25 mM. One microgram of uncut Agtl0Q DNA 
was added as carrier and the mix was extracted with 

‘ phenol/chlorofotm (1:1). The nucleic acid in the mix 
was precipitated with phenol/chloroform (1:1). The 
nucleic acid im the mix was precipitated with ethanol, 
centrifuged and dried. 


(g) Ligation of EcoRI Linkers to Methylated ds cDNA 


_ Approximately 400 pmoles of EcoRI linkers 
(VCGGAATTCCG3) were dissolved in 9 pI of 20 mM 
Tris, pH 8.0, 1G mM MgCl, 10 mM DTT containing 5 
uCi of a2P-ATP (5000 Ci/mmole) and 2 units of T4 
' polynucleotide kinase. The oligonucleotides were incu- 
bated at 37° C. for 30 minutes to allow them to anneal to 
each other, creating double-stranded, blunt-ended link- 
ers. 2 units of T4 polynucleotide kinase and 1 yl of 10 
mM ATP were added and incubated at 37° C. for an 
additional 30 min. The linkers were stored at —20° C. 
The methylated DNA pellet was resuspended in tubes 
containing 400 pmoles of the kinased linkers. Ligation 
of the EcoRI linkers to the methylated DNA was car- 
ried out by adding 1 14] of T4 ligase and incubating the 
reaction mixture at 12°-14° C. for 2 days. 


(h) Digestion with EcoRI to Create Cohesive Termini 


To 11 pl of the reaction product from Example 
1.E.(g), 10 pl of a solution containing 50 mM Tris, pH 
7.5, 10 mM MgSO«g, 200 mM NaCl were added. T4 
DNA ligase was heat inactivated by incubation at 70° C. 
for 10 mim. Forty units of EcoRI were added and the 
incubation was carried out at 37° C. for 3 hr. The reac- 
tion was terminated by addition of EDTA to 50 mM. 
The sample was clarified by centrifugation and applied 
to an AcA 34 cohuna. 


(i) AcA 34 Column Chromatography 


Free linkers (those not ligated to ds cDNA) were 
removed from ds cDNA with attached linkers, to pre- 
vent them from interfering with the insertion of the 
desired ds cDNAs into the cloning vectors. AcA 34 
resin (a mixture of acrylamide and agarose beads, nor- 
mally used for sizing) preswollen in 2 mM citrate buffer 
and 0.04% sodium azide in water, was added to the 1 ml 
mark of a 1 ml plastic syringe plugged with glass wool. 
The column was equilibrated with 10 mM Tris-HCI pH 
7.5, 1 mM EDTA, 400 mM NaCl. The ds cDNA mix- 
tures with ligated linkers and free linkers (~45 pI) was 
brought to 400 mM NaCl. | pl of 0.59% bromophenol 
blue dye (BPB) was added, and the sample was applied 


to the column which was run in equilibration buffer at. 


room temperature. Ten 200 yu] fractions were collected. 
The BPB dye normally eluted from the column in the 
sixth tube or later. Tubes t-and 2 were combined and 


used as the source of ds cDNA for cloning. 
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(j) Assembly of Agtl0O clones 


The ds cDNA was mixed with 1 pg of EcoRI-cut 
AgtlO DNA, precipitated with ethanol, and centrifuged. 
After washing the pellet once with 70% ethanol, the 
DNA pellet was air dried and resuspended im 4.5 pl of 
10 mM Tris-HCI pH 7.5, 10 mM MgCh, 50 mM NaCl. 
To anneal and ligate the cDNA inserts to the left and 
right arms of the AgtlO DNA, the mixture was heated at 
70° C. for 3 min., then at 50° C. for 15 min. The mixture 
was chilled on ice, and 0.5 2] each of 1OmM ATP, 0.1M 
DTT, and sufficient T4 DNA ligase to ensure at least 
90% completion were added. The reaction was incu- 
bated at 14° C. overnight, which allowed the insertion 
of the ds cDNA into the EcoRI site of the Agtl0 DNA. 
The resulting DNA was packaged into phage particles 
in vitro usmg the method described by Scherer 1981. — 


{k) Removal of Phages Without Inserts 


Insertion of a CDNA into the EcoRI site of Agt10 
results in inactivation of the Cl gene. Agtl10 phages with 
inactivated C1 genes (i.e., with inserts) replicate nor- 
mally in E. coli MA150 cells. By contrast, Agt!0 phages 
without inserts are unable to replicate in the MA150 
strain of E& coli: This provides a method of removing 
Agt10 clones which do not have inserts. 

The phages in the library were first replicated in & 
coli C600 (M+R-~) cells which modified the Agtl0 
DNA to protect it from the & coli MA150 restriction 
system. A relatively small number of & coli C600 cells 
were infected and then plated with a 20 fold excess of 
MAI50 (M+R-~-) cells. The primary infection thus oc- 
curred in the M*+R- cells where all the phages will 
grow, but successive rounds of replication occurred in 
the MA150 cells which prevented the replication of 
phages without inserts. The amplified phage library was 
collected from the plates, and after removal of agar and 
other contaminants by centrifugation, the recombinant 
phages were ready to use in screening experiments. 


F. Screening of cDNA Library; Selection of 
pMONS531 


Approxunately 6000 phages (each plate) were spread 
on 10 cmX10 cm square plates of solid NZY agar 
(Maniatis 1982) with 0.7% agarose. A translucent lawn 
of E. coli MA150 cells was growing on the plates. Areas 
where the phages infected and kilied the & coli ceils 
were indicated by clear areas called “plaques”, which 
were visible against the lawn of bacteria after an over- 
night incubation of the plates at 37° C. Six plates were 
prepared in this manner. The plaques were pressed 
against pre-cut nitrocellulose filters for about 30 min. 
This formed a symmetrical replica of the plaques. To 
affix the phage DNA, the filters were treated with 0.5M 
NaOH and 2.5M NaCl for 5 min. The filters were then 
treated sequentially with 1.0M Tris-HCl, pH 7.5 and 
0.5M Tris-HCl, pH 7.5 containing 2.5M NaCl to neu- 
tralize the NaQH. They were then soaked in chloro- 
form to remove bacterial debris. They were then aitr- 
dried and baked under a vacuum at 80° C. for 2 hr, and 
allowed to cool to room temperature. The filters were 
then hybridized with 3°P-labelled EPSP-1 probe 
(210% cpm/filter) as described in Example 1.D(e). 
After 48 hr of hybridization, the filters were washed in 
6XSSC at room temperature twice for 20 min and then 
at 37° C for 5 min. These washes removed non-specifi- 
cally bound probe molecules, while prabe molecules 
with the exact corresponding sequence (which was 
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